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ABSTRACT 
Water quality parameters, watershed characteristics and algal diversity and abundance were 
compared in ten lakes along the Mountain Loop Highway in Washington State.  Water 
samples were collected in July and August 2014 and analyzed for temperature, dissolved 
oxygen, alkalinity, conductivity, pH, turbidity, chlorophyll, total phosphorous, total nitrogen, 
soluble reactive phosphorous, nitrate + nitrite, silica, chloride, sulfate, total organic carbon, 
dissolved organic carbon and total and dissolved metals (aluminum, antimony, arsenic, 
barium, beryllium, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, 
manganese, molybdenum, nickel, potassium, selenium, silver, sodium, thallium, thorium, 
uranium, vanadium and zinc).  The watershed characteristics measured were elevation, lake 
surface area, watershed area, watershed slope, evergreen coverage and primary watershed 
geology.  Live algae were collected and identified to the lowest practical taxonomic level to 
create a presence/absence species list.  Additional algal samples were collected and preserved 
with Lugol’s iodine and settled for enumeration and biovolume calculations.   
The lakes in this study had relatively warm temperatures (11-27 °C), high dissolved 
oxygen concentrations (7-11 mg/L), relatively low alkalinities (<27 mg/L) and conductivities 
(<58 µS/cm) and were at circumneutral pH or basic pH (6.1-7.9).  Five lakes were 
oligotrophic, four lakes were mesotrophic and one lake was eutrophic.  Many nutrient and 
metal concentrations were below detection levels.  Dissolved organic carbon concentrations 
formed two distinct groups of lakes: relatively high dissolved organic carbon (>2.0 mg/L) 
and relatively low dissolved organic carbon (<2.0 mg/L).  A total of 405 different algal taxa 
were identified from the ten lakes, of which 256 taxa were unique to an individual lake.  
Desmids and diatoms represented the majority of the taxa (136 taxa and 101 taxa, 
v 
respectively).  Cyanobacteria dominated the numerical abundance of the ten lakes, 
representing 86% of the total cell counts.  Algal biovolume was dominated by the “other” 
category, which represented 77% of the total biovolume.   
Watershed slope was positively correlated with dissolved oxygen and negatively 
correlated with temperature, total phosphorous, total nitrogen, dissolved organic carbon and 
desmid counts.  These correlations were a result of watershed morphology.  Non-parametric 
cluster analysis created two clusters of lakes that corresponded to the high and low dissolved 
organic carbon groups.  The two clusters of lakes had many differences in water quality, 
watershed characteristics and algal species richness and taxonomic diversity.  The high 
dissolved organic carbon lakes had gradually sloped watersheds, well-developed shoreline 
vegetation, relatively high nutrient concentrations and high desmid diversity; the low 
dissolved organic carbon lakes had steep, rocky watershed slopes, little or no apparent littoral 
vegetation, relatively low nutrient concentrations and low desmid diversity.   
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INTRODUCTION 
Objectives 
I explored the relationships between the water quality parameters, watershed characteristics 
and algal diversity and abundance in ten lakes along the Mountain Loop Highway in the 
Cascade Mountain Range in Washington State.  The main objectives of my research were: to 
collect water quality and watershed data from ten lakes in the Stillaguamish River and Sauk 
River drainage basins; to measure the taxonomic diversity and relative abundance of algae in 
each lake during the summer; to determine whether the water quality and watershed data 
were related to algal taxonomic diversity and relative abundance; and to compare the water 
quality, watershed and algal patterns in my sample sites to other lakes in the region. 
 
Regional Description 
The Cascade Mountain Range is 1,100 km long and is a north-south trending range that 
extends from southern British Columbia to northern California (Clow and Campbell 2008).  
Glaciers cover over 117 km2, which is more than any other mountain range in the United 
States, except in Alaska.  The elevation of the land ranges from about 330 m to 2700 m, with 
the Cascade Crest splitting the mountain range to form a western side and an eastern side.  
Weather systems commonly originate in the Pacific Ocean, creating a maritime climate on 
the western slope, with mild year-round temperatures and abundant winter precipitation that 
exceeds 350 cm at high elevations (Pelto 2006).  The climate east of the Cascade Crest is a 
more arid continental climate due to the rain shadow effect.  The geology of the area consists 
of old metamorphic rocks and young volcanic and sedimentary rocks that were all intruded 
by granitic plutons, which together form a complicated and diverse mountain range (Beckey 
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2008).  
The Mountain Loop Highway is located on the western slope of the Cascade 
Mountain Range, about 100 km northeast of Seattle, Washington, in the Mount Baker 
Snoqualmie National Forest.  This 84 km road includes paved sections along SR 92, SR 9, 
SR 530 and an unpaved section on FR 20.  The Mountain Loop Highway is a popular 
destination for hiking, fishing, bird watching, mountain climbing and skiing.  Connecting 
Darrington, Washington to Granite Falls, Washington, the Mountain Loop Highway was 
originally built in the late 1800s to provide mining and logging access to the area 
(Woodhouse 2008).  The Mountain Loop Highway passes through rugged terrain, rushing 
rivers and gives access to trailheads and hiking trails leading to numerous mountain lakes. 
Snowy weather and icy conditions make road and trail access to the lakes along the 
Mountain Loop Highway challenging.  This may be one reason why most of this region’s 
lakes are poorly studied, so there is relatively little information concerning water quality or 
aquatic communities found in the lakes.  The Institute for Watershed Studies (Huxley 
College of the Environment, Western Washington University) collected preliminary algae 
and water quality data from five lakes along the Mountain Loop Highway during late 
summer in 2012 and 2013 (IWS 2014).  Four of those lakes (Bear Lake, Coal Lake, Lake 
Evan and Myrtle Lake) were included in my study; an additional six lakes (Boardman Lake, 
Goat Lake, Heather Lake, Independence Lake, Island Lake and Lake Twentytwo; Table 1; 
Appendix A) were added to my study.  Most of the lakes along the Mountain Loop Highway 
are not heavily impacted by agriculture, industrialization or urban development. Monitoring 
the chemical and biological characteristics of these lakes can contribute to our understanding 
of the sensitivity of aquatic systems to atmospheric deposition and global climate change 
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(Skjelkvale and Wright 1998, Rogora et al. 2003, Sondergaard and Jeppesen 2007, Parker et 
al. 2008, Fischer et al. 2011).   
 
Watershed Characteristics 
Watersheds surrounding mountain lakes influence the water quality of lakes, which is mostly 
determined by vegetation cover, watershed slopes and geology (Morales-Baquero et al. 2006, 
Tolotti et al. 2006).  The terrestrial vegetation within a watershed is an essential source of 
nutrients and organic matter in mountain lakes (Fureder et al. 2006; Tolotti et al. 2006).  The 
density and type of vegetation influences the transportation of nutrients through the 
watershed.  Vegetation in the littoral zone of a lake, such as shoreline vegetation, wetlands 
and aquatic macrophytes, can provide and remove nutrients, organic carbon and metals from 
a lake (Wetzel 2001). 
Watershed size, slope and slope aspect can influence the amount of water flowing 
into a lake.  At higher elevations, watersheds tend to have less vegetation, steeper slope, 
rockier soils and more exposed rock.  Watersheds with these characteristics have lower 
absorptive capacity for nutrients and can transport surface water runoff through the 
watershed quicker, reducing the contact time with the soils.  Slope aspect, the direction the 
slope faces relative to the sun, can impact the density and type of vegetation coverage, snow 
accumulation and temperatures of surface water runoff.   
The geological rock type of a watershed greatly influences the mineral input into 
mountain lakes (Tolotti et al. 2006).  Certain rock types are more susceptible to weathering, 
which can increase the concentrations of nutrients and metals that are transported into the 
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lakes.  The geologic composition of a watershed can be an excellent predictor of water 
quality, which can determine aquatic species composition and abundances (Olson 2012).  
 
Algal Growth and Watershed Characteristics 
Algal growth in mountain lakes can be influenced by the chemical and physical properties of 
the lake, which is influenced by the lake’s watershed characteristics (Larson et al. 1998).  In 
the Italian and Austrian Alps, Tolotti et al. (2006) found that the two most important 
watershed factors affecting algal abundance in lakes were the percent of total vegetation 
coverage and watershed geology.  Other research in the North Cascades National Park found 
that the watershed vegetation was closely related to lake elevation, and that algal productivity 
tended to decrease with increasing lake elevation and the associated changes in water quality 
such as lower nutrient concentrations and temperatures (Lomnicky 1995, Larson et al. 1998).   
 
Nutrient Limitation 
Nutrient limitation is an important factor contributing to algal growth in mountain lakes.  
Phosphorous and nitrogen are generally recognized as two nutrients that can limit algal 
growth (Morris and Lewis 1988, Wetzel 2001, Morales-Baquero et al. 2006).  Both 
phosphorous and nitrogen are vital nutrients used to synthesize proteins, which are essential 
for cellular growth and reproduction.  Inorganic phosphorus (specifically PO3
+2) and 
inorganic nitrogen (NO2
-, NO3
-, NH4
+) can be absorbed by almost all algae.  Many algae can 
also use organic phosphorus and nitrogen through absorption or ingestion (e.g., filter-
feeding).  Only cyanobacteria have the ability to fix dissolved nitrogen gas (N2), which is 
quickly replenished from the atmosphere.  Nitrogen fixation is one of the reasons that 
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cyanobacteria can continue to grow when low concentrations of inorganic nitrogen are 
limiting other types of algae.  Tolotti et al. (2012) discovered that nitrogen and silica were 
both important nutrients for determining algal dynamics in a mountain lake in Austria.  Silica 
is vital for the development of cell walls for diatoms and scaled chrysophytes (Bennion et al. 
2012). 
 
Conductivity, Alkalinity, pH  
Salinity of a lake is the dissolved salt concentration in the water, including those formed by 
calcium, magnesium, sodium, potassium, bicarbonate, carbonate, sulfate and chloride ions 
(US Environmental Protection Agency [EPA] 1986). The salinity of a lake is a contributor to 
conductivity, which measures the ability of water to carry an electrical current (APHA 2012); 
the presence of dissolved ions increases the flow of electrons and results in higher 
conductivity.  Hard water lakes have high concentrations of calcium and magnesium ions, 
while soft water lakes have low concentrations of these ions  (EPA 1986).   
Alkalinity is the acid-neutralizing capacity of a lake and is determined primarily from 
carbonate, bicarbonate and hydroxide concentrations (APHA 2012).  Alkalinity measures the 
buffering capacity of a lake, which is an indication of how resistant a lake is to changes in pH 
(EPA 1986).  In lakes with low concentrations of carbonate and bicarbonate ions, the 
presence of carboxylic acids from dissolved organic carbon can increase the alkalinity in the 
lake, thus increase the buffering capacity (Kullberg et al. 1993). 
The pH of a lake is a measure of the hydrogen ion activity in the water (EPA 1986) 
and measures how acidic or basic the water is.  Based on a logarithmic scale, pH ranges from 
0-14.  A pH less than 7 is acidic; a pH greater than 7 is basic; a pH between 5.5 and 7.4 is 
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considered circumneutral (US Geological Survey 2016).  Most biological and chemical 
processes in lakes are affected by pH and small changes can have large effects on aquatic 
organism and water quality (Wetzel 2001).  
 
Organic Carbon 
Organic carbon, which contains both living and non-living fractions, is the foundation of 
energy flow in aquatic ecosystems (Wetzel 2001).  Organic carbon comes from watershed 
sources like near-shore vegetation and soils (allochthonous) and it comes from internal 
sources like algae and aquatic macrophytes (autochthonous).  Dissolved organic carbon is the 
major form of carbon that is transported into lakes from the watershed and consists of the 
organic molecules that pass through a 0.45 µm filter (Kolka et al. 2008).  Within a watershed, 
the presence of wetlands, especially organic soil wetlands or peatlands, increases dissolved 
organic carbon transport in runoff proportionally to the size of the wetland (Aitkenhead et al. 
1999).  
Within a lake, dissolved organic carbon plays a central role in the water quality 
(Dillon and Molot 1997, Williamson et al. 1999).  The organic acids that form dissolved 
organic carbon affect alkalinity and pH levels.  When dissolved organic carbon originates in 
wetlands and peatlands, it lowers pH levels, but can also help buffer the lake from 
acidification (Kullberg et al. 1993).  Dissolved organic carbon complexes with metals, such 
as aluminum, copper and iron, which can decrease the contaminant toxicity levels 
(Williamson et al. 1999).  Dissolved organic carbon complexes with nutrients, such as 
phosphorous, which can decrease the availability of nutrients and alter nutrient cycling 
within a lake.  Light attenuation is also affected by dissolved organic carbon concentrations, 
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which in turn may influence the abundance and distribution of algae within a lake 
(Williamson et al. 1999). 
 
Metals  
Some metals occur naturally in the watershed and metal concentrations in mountain lakes can 
be influenced by the geological composition of the watershed and by weathering and 
leaching of soils (Bradl 2005, Tornimbeni and Rogora 2012).  Metals can also be introduced 
into mountain aquatic ecosystems through atmospheric deposition and human activities such 
as mining.  The concern with metals in aquatic ecosystems is their toxicity to aquatic 
organisms and their ability to bioaccumulate in the biota (Elder 1988, Rand 1995). 
Metal bioavailability and toxicity in lakes is complex and influenced by a number of 
water quality factors (Elder 1988, Rand 1995, Li et al. 2013).  Metal solubility and speciation 
is greatly influenced by pH levels; in acidic waters (lower pH), metals are generally more 
soluble and can be more toxic to aquatic organisms (Elder 1988).  The presence of other 
metals and cations affect the bioavailability of metals.  For example, iron and manganese 
hydrous oxides have strong adsorption properties for metals and can lower the solubility, 
toxicity and bioavailability of dissolved metals in lakes (Elder 1988, Martinez and McBride 
2001).  Dissolved organic carbon concentrations also form complexes with metals, which are 
influenced by pH and can reduce the toxicity levels of metals in lakes (Kullberg et al. 1993).   
Some metals are necessary for algal metabolic processes, such as enzyme activation, 
electron transport and protein synthesis, which influences algal productivity and species 
composition (Wetzel 2001, Sunda 2013).  Copper, iron, manganese, cobalt, vanadium and 
molybdenum have been shown to stimulate algal growth (Elder 1988).  Some types of algae 
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have high tolerances of metals through metal adsorption to their cell walls (Mehta and Gaur 
2005).  
Along the Mountain Loop Highway, there are many old mines and mining prospects, 
which suggests that there is the potential for metal contamination in the lakes in this region 
(Figure 2).  All lakes of my study, with the exception of Goat Lake, fell within the Silverton 
Mining District, which contained known deposits of gold, silver, copper, lead, zinc, 
antimony, arsenic, mercury and tin (Broughton 1942).  Coal Lake and Independence Lake 
were in close proximity to the Double Eagle Prospect, where gold was reported.  The Monte 
Cristo Mining District, which contained Goat Lake, had numerous mines and prospects, and 
contained gold, silver, copper, lead, arsenic, antimony, molybdenum and mercury 
(Broughton 1942).  Currently the former mining town of Monte Cristo, located 
approximately 5 km southwest of Goat Lake, is a CERCLA site (Comprehensive 
Environmental Response, Compensation and Liability Act or Superfund), with remediation 
directed toward removing contaminated soils and water from historic mining operations (US 
Forest Service 2014).    
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METHODS 
Lake Descriptions 
The ten lakes in my study were selected based on the availability of historical water quality 
data, general accessibility and proximity to each other (Figure 1 and Figures A.1-A.10).  To 
facilitate sample collection, I created four groups based on geographic location:  Myrtle 
Group, Coal Group, Evan Group and Bear Group.  Group membership was not intended to 
imply watershed or water quality similarity, but rather to facilitate sampling.  Lakes within a 
specific group were sampled on the same day, with the exception of Bear Lake in August.  
Bear Lake was moved to the Coal Group in August due to the time and effort required to 
sample the other two lakes in the Bear Group.   
Myrtle Group (Myrtle Lake and Goat Lake) Myrtle Lake is located 5 m off the 
Mountain Loop Highway (Figure A.9).  It is a shallow and productive lake, with the smallest 
surface area (13,393 m2) and lowest elevation (594 m) of all the study lakes (Table 1).  Goat 
Lake is the largest lake (236,014 m2), accessed by hiking 8 km up the Goat Lake Trail (#647) 
from the trailhead on FR 4080 (Figure A.5).  Goat Lake was once the site of mining and 
logging operations (Woodhouse 2008), which is evident by the abandoned road, old cabins, 
notched tree stumps and large sawed logs along the trail and in the log jam at the outlet of 
Goat Lake.  Goat Lake and Myrtle Lake are not connected by surface waters. 
Coal Group (Coal Lake and Independence Lake) Both lakes are accessed by FR 
4060 off of the Mountain Loop Highway.  Coal Lake is 20 m off the road and is a popular 
fishing and camping destination (Figure A.3).  Independence Lake is located 1 km up Trail 
#712 and is at the highest elevation (1,116 m) of all the lakes in my study (Table 1; Figure 
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A.7).  Although both lakes are located in the Coal Creek watershed, they are topographically 
separated and are not connected by surface waters. 
Evan Group (Evan Lake, Boardman Lake and Island Lake) Lakes in the Evan Group 
are accessed by FR 4020.  Lake Evan is less than 0.5 km from the road on Trail #704 (Figure 
A.4).  Boardman Lake is located 1.3 km up the trail from Lake Evan (Figure A.2).  A small 
stream connects Boardman Lake (elevation 909 m) to Island Lake, which is slightly higher in 
elevation (1085 m; Table 1; Figure A.8).  The trail to Island Lake is an overgrown 
fisherman’s trail and requires navigational skills and bushwhacking.   
Bear Group (Bear Lake, Heather Lake and Lake Twentytwo) Bear Lake is less than 
0.5 km from the road on Trail #661 at an elevation of 846 m, accessed by FR 4021 (Table 1; 
Figure A.1).  Heather Lake, while geographically close to Bear Lake, is in a different 
watershed and at a lower elevation (730 m; Figure A.6).  Heather Lake is accessed from FR 
42 and 3.2 km up the steep and rocky Trail #701.  Lake Twentytwo is located at a similar 
elevation (735 m) as Heather Lake and is in the watershed adjacent to Heather Lake, but the 
lakes are separated by a large ridge (Figure A.10).  Lake Twentytwo is accessed by hiking 4 
km up the steep and rocky Trail #702.  Both Heather Lake and Lake Twentytwo are located 
in mountain cirques, with steep, rugged, bare cliffs on the northern side of the lakes.   
 
Field Methods 
All sampling occurred in July and August 2014 when the lakes, roads and trails were snow 
free.  The July samples were collected from July 21-July 31; the August samples were 
collected from August 18-27 (Table 1).  Three sample locations were chosen around each 
lake based on accessibility; the locations were relatively evenly spaced around the lake and 
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represented different aspects of the watershed (Appendix A).  The three samples were used to 
assess spatial variability within each lake and to calculate median values for the water quality 
parameters.  All sampling procedures followed the methods described in Standard Methods 
(APHA 2012) and are summarized in Table 2. 
Date, time, weather observations and GPS locations were recorded at each sample 
site.  Temperature and dissolved oxygen concentrations were measured in the field using a 
YSI 550A field meter.  Water samples were collected to measure alkalinity, conductivity, 
pH, turbidity, chlorophyll, total phosphorous, soluble reactive phosphate, total nitrogen, 
nitrate + nitrite, silica, chloride, sulfate, total and dissolved organic carbon and total and 
dissolved metals (aluminum, antimony, arsenic, barium, beryllium, cadmium, calcium, 
chromium, cobalt, copper, iron, lead, magnesium, manganese, molybdenum, nickel, 
potassium, selenium, silver, sodium, thallium, thorium, uranium, vanadium and zinc).  All 
water samples were collected from the shoreline using a telescoping pole (3 m) with a 1-liter 
Nalgene bottle attached to the end of the pole (Gravon 2013).  The Nalgene bottle was rinsed 
with lake water three times at each sample location to avoid cross contamination.  Samples 
for chloride, sulfate, dissolved organic carbon and dissolved metals were filtered in the field 
through a 0.45 μm IC Millex Low Protein Binding Hydrophilic LCR Membrane filter.  Total 
and dissolved organic carbon samples were acidified in the field with 37% Certified ACS 
Plus hydrochloric acid.  Total and dissolved metals were acidified upon return to the 
laboratory with 70% trace metal grade nitric acid.  All water samples were kept cool using 
ice packs until they were returned to the laboratory.  For quality control, one field duplicate 
was collected for each water quality parameter during each sampling day and field blanks 
were used during each sampling day to assess the potential for field contamination.  
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Live algae were collected along the shoreline using a 20-μm mesh plankton net and 
placed into a 250 mL polyurethane bottle with approximately 2 cm of head space.  Additional 
live algae samples were collected along the shoreline at each sample location by scraping 
accessible, near-shore substrate (rocks, vegetation) and kept separate in a 125 mL 
polyurethane bottle.  Both sets of live samples (plankton net and near-shore substrate) were 
kept cool and out of direct sunlight until they could be processed in the laboratory; the live 
samples were used to develop a presence/absence species list for each lake.  A 500-mL water 
sample was collected using the sampling pole; these samples were preserved with Lugol’s 
iodine in the field and were later settled for algal enumeration and biovolume calculations 
(Bellinger and Sigee 2010).   
 
Laboratory Analyses 
I measured pH, conductivity and turbidity using a calibrated Orion Dualstar pH meter, Orion 
Model 162 conductivity meter and a LaMotte 2020e turbidimeter.  Alkalinity was measured 
using the low level acid titration method.  Chlorophyll was extracted in acetone, corrected for 
phaeophytin and analyzed on a previously calibrated Turner Design TD-700 flourometer.  
Nutrients (total phosphorous, soluble reactive phosphate, total nitrogen and nitrate + nitrite) 
were analyzed on the Alpkem FS3100 autoanalyzer by the Institute for Watershed Studies 
(Western Washington University) following the methods summarized in Table 2.  Silica was 
analyzed using the Hach Silica Si-5 Benchtop Colorimetric Test.  Total and dissolved organic 
carbon were analyzed using a Shimadzu TOC-V analyzer.  Chloride and sulfate 
concentrations were analyzed using ion chromatography on the Varian Prostar 240 pump 
attached to a 4 x 150mm Dionex Ion Pac analytical column equipped with a Waters 432 
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conductivity detector, with assistance from Scientific Technical Services (Western 
Washington University).  Total and dissolved metal concentrations were analyzed using 
inductively coupled plasma mass spectrometer Agilent 7500ce equipped with an octopole 
reaction cell for interference suppression, with assistance from the Advanced Materials 
Science and Engineering Center (Western Washington University).   
For quality control, the field duplicates were analyzed alongside all other samples in 
the lab to demonstrate reproducibility (Table 2).  Laboratory duplicates were analyzed for 
10% of all water quality samples to evaluate analytical reproducibility. 
 
Algae Identification and Enumeration 
Upon returning to the laboratory, the live plankton net samples from the three sampling 
locations were combined and stored overnight in open containers at room temperature away 
from direct sunlight.  The live near-shore substrate samples were refrigerated and retrieved 
by Dr. Dean Blinn (Regents Professor Emeritus, Northern Arizona University) for diatom 
examination.  A small portion of the live plankton net samples from each lake was mailed to 
Karl Bruun (Nostoca Algae Laboratory, Bainbridge Island, Washington) for examination.  
Dr. Robin Matthews (Western Washington University) examined the remaining portion of 
the live plankton net samples and collected photographs of the taxa observed in the samples.  
After the examination of the live plankton net algae, the samples were preserved in 2% 
gluteraldehyde.  Subsamples of the preserved algae were concentrated, dehydrated and 
mounted (IWS 2015) for examination using a Vega TS 5136MM scanning electron 
microscope.  The examination of these live algae samples were used to develop a 
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presence/absence species list for each lake, but were not used to determine relative 
abundance.   
The algae preserved with Lugol’s iodine from August were sent to Karl Bruun 
(Nostoca Algae Laboratory, Bainbridge Island, Washington) for settling, identification and 
enumeration.  Algae were identified to the lowest practical level.  These data from the settled 
samples were used to determine relative abundance based on cell and biovolume density.  
Algal biovolumes were calculated from the settled samples based on the average cell 
dimension of ten individuals of each taxon (Hillebrand et al. 1999). 
 
Watershed Characteristics 
Watershed characteristics were determined using StreamStats (US Geological Survey 2014) 
and ArcGIS (ESRI 2015) to find elevation, lake surface area, watershed area, average 
watershed slope, percent of evergreen coverage and primary watershed geology (Table 1).  
Field observations were made on the general vegetation coverage in the littoral zone at each 
sample location and were categorized as abundant littoral vegetation or rocky shoreline 
substrate.  I also noted the presence of inlets and outlets for each lake.   
 
Statistical Analyses 
All statistical analyses were performed using R-Studio (RStudio Team 2015).  Many of the 
water quality parameters included results that were below the method detection limit (MDL; 
Table 2).  For reporting purposes, these values were listed as <MDL.  For statistical analysis, 
values below the detection limit were replaced with one half the detection limit.  If more than 
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50% of the values were below detection for a specific parameter, it was not included in the 
multivariate statistical analyses.  Simple QQ-plots and boxplots revealed that most 
parameters did not have normal distributions and showed a lack of variance homogeneity, so 
non-parametric rank-based statistical tests were used when feasible. 
The Kruskal-Wallis and Wilcoxon rank sum tests were used to identify significant 
temporal differences between water quality data collected in July and August.  Kendall’s tau 
rank-based correlation analysis was used to find significant pair-wise correlations between 
water quality variables, watershed characteristics and algal taxa.  Non-parametric, nonmetric 
clustering method was used to look for multivariate patterns in the water quality and algae 
data (Matthews et al. 1991). 
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RESULTS AND DISCUSSION 
Water Quality 
The minimum, maximum and monthly median water quality results are summarized in 
Tables 3-5.  Many of the parameters contained a large number of concentrations that were 
below the method detection limit.  These were evaluated on a case-by-case basis to determine 
whether they should be included in the discussion.  
 
Temperature and dissolved oxygen  
During the sampling period, all of the lakes were relatively warm; none of the lakes had any 
residual ice along the banks.  Goat Lake, Heather Lake and Lake Twentytwo had small, 
melting patches of snow on north facing slopes.  Heather Lake and Lake Twentytwo had the 
lowest July median temperatures (11.3 °C and 13.2 °C, respectively; Table 3).  Lake Evan 
and Myrtle Lake were the warmest lakes (>20 °C in July and August) and both were cooler 
in August than in July.  The drop of 6.4 °C between July and August in Myrtle Lake could be 
due to the time of day that the lake was sampled and the solar radiation affecting the shallow 
shoreline (Table 1).  In July, Myrtle Lake was sampled late in the day (5-7 pm); in August it 
was sampled much earlier (10-11 am).   
Dissolved oxygen concentrations were relatively high for all the lakes, which was 
expected because the samples were collected along the wave-mixed shoreline.  All but two 
lakes (Coal Lake and Goat Lake) had significant changes in dissolved oxygen concentrations 
between July and August.  The lakes with the highest median dissolved oxygen 
concentrations (>8.5 mg/L; Coal Lake, Goat Lake, Heather Lake and Lake Twentytwo) had 
rocky watersheds and very little littoral vegetation.  The lakes with the lowest median 
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dissolved oxygen concentrations (<8 mg/L; Myrtle Lake, Island Lake and Lake Evan; Table 
3) had heavily vegetated watersheds and well established littoral zones (Table 1).  
Water temperature and dissolved oxygen are two important water quality parameters 
for aquatic life.  Water temperature influences metabolic rates, photosynthesis production, 
conductivity, water density and concentrations of dissolved oxygen and other dissolved 
gasses (Wetzel 2001).  Water temperatures and dissolved oxygen are so important in lakes 
that standards have been set by the State of Washington to protect indigenous fish and 
nonfish species (Ecology 2012).  While these standards are used to monitor and manage 
lakes that are impacted more directly by human activities, they are still applicable to the lakes 
along the Mountain Loop Highway.  To protect fisheries resources, the standard for the 
maximum temperature for a 7 day period is 20 °C; Bear Lake, Lake Evan, Myrtle Lake and 
Lake Twentytwo had July or August median temperatures above this limit (20.9 °C, 21.4 °C, 
26.7 °C and 21.5 °C, respectively).  For dissolved oxygen, the lowest 1-day minimum 
concentration standard is 6.5 mg/L.  Only Myrtle Lake fell below this concentration (August 
median = 5.8 mg/L).  These lakes are not being stocked with fish regularly (Table 1); the 
temperatures and dissolved oxygen concentrations suggest that these lakes would not provide 
good fish habitat. 
 
Hardness, pH, alkalinity, conductivity, sulfate and chloride 
All lakes in this study had relatively low concentrations of dissolved solids (Table 3).  Water 
hardness was determined using July median dissolved calcium and dissolved magnesium 
concentrations for each lake (APHA 2012): 
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Hardness, mg equivalent CaCO3/L = 2.497 [Ca, mg/L] + 4.118 [Mg, mg/L] 
 
All lakes in this study were very low in harness (<26 mg CaCO3/L), which fell into the soft 
water category (0-75 mg CaCO3/L; EPA 1986).  Bear Lake, Boardman Lake, Lake Evan, 
Goat Lake, Heather Lake, Island Lake and Lake Twentytwo all had hardness less than 6.5 mg 
CaCO3/L (1.85 mg/L, 3.18 mg/L, 3.47 mg/L, 6.26 mg/L, 3.14 mg/L, 1.78 mg/L and 5.38 
mg/L, respectively); Coal Lake, Independence Lake and Myrtle Lake had hardness between 
12-26 mg CaCO3/L (25.11 mg/L, 15.72 mg/L and 12.35 mg/L, respectively).   
All lakes were at circumneutral pH (6.1-7.4), except Coal Lake, which was at basic 
pH (7.9).  Except for Coal Lake and Independence Lake, most lakes had very low alkalinities 
(<13 mg/L) and conductivities (<30 µS/cm).  In addition to having slightly higher alkalinities 
(>16 mg/L) and conductivities (>35 µS/cm), Coal Lake and Independence Lake had higher 
concentrations of silica, sulfate, sodium and calcium (Tables 3 and 5).  Coal Lake and 
Independence Lake had the second and third highest concentrations of total and dissolved 
sodium (medians >595 µg/L), following Myrtle Lake.  Coal and Independence Lake had the 
highest concentrations of total and dissolved calcium (total medians >6100 µg/L and 
dissolved medians >5600 µg/L), which was two- to ten- fold higher than the concentrations 
in the other lakes.  Coal Lake and Independence Lake are located within the Coal Creek 
drainage and have basalt as the primary watershed geology (Table 1).  The watershed 
geology may be contributing to the differences in water quality of Coal Lake and 
Independence Lake. 
Coal Lake, Goat Lake, Independence Lake and Lake Twentytwo had relatively high 
concentrations of sulfate (medians = 1,333 µg/L, 1,302 µg/L, 1,090 µg/L and 1,117 µg/L, 
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respectively; Table 3).  Charles (1991) suggested that the geological weathering of watershed 
sources of sulfate were important for some Cascade lakes.  The Cascade Range also contains 
numerous active volcanoes, which are a source of sulfates for the area and can be transported 
to the lakes through atmospheric deposition or in surface and subsurface runoff (Welch et al. 
1984).  
Chloride concentrations were generally in the range of 300-675 µg/L for all lakes, 
with an exception of Goat Lake, which had the lowest chloride concentrations (<250 µg/L; 
Table 3).  Lakes that are not adjacent to the ocean typically have low concentrations of 
chloride ions, but they can receive inputs of chlorides from atmospheric transport from the 
ocean (Wetzel 2001).  Charles (1991) determined that precipitation contributed to about 25% 
of chloride in Cascade lakes and the rest of the chloride was from the watershed and in-lake 
processes.  
 
Phosphorus, nitrogen and silica 
Phosphorus, nitrogen and silica, the most important nutrients for algal growth, varied 
between sampling months and between lakes.  All lakes had relatively low total phosphorus 
concentrations.  All medians were below 20 µg/L and five of the lakes had medians that were 
consistently below 5 µg/L (Table 3).  The highest total phosphorus concentrations were 
measured in Lake Evan and Myrtle Lake.  Lake Evan had the largest change between July 
and August median values, increasing from 6.9 µg/L to 17.2 µg/L.  Soluble reactive 
phosphate concentrations were below the detection limit (<2.70 µg/L) in all but one sample 
(Heather Lake, 3.70 µg/L) so this analyte was not included in any statistical analyses.   
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Total nitrogen concentrations were also relatively low at all sites.  In July, the total 
nitrogen concentrations were below detection (<30 µg/L) at all sites except Lake Evan and 
Myrtle Lake (medians = 94.4 µg/L and 174.5 µg/L, respectively; Table 3).  Lake Evan and 
Myrtle Lake also had the highest concentrations of total nitrogen in August (medians = 315.0 
µg/L and 238.0 µg/L, respectively).  Heather Lake and Lake Twentytwo were the only lakes 
that contained detectable concentrations of nitrate + nitrite for both months, so this analyte 
was not included in the statistical analyses. 
Coal Lake and Independence Lake had significantly higher concentrations of silica 
(medians = 3 mg/L; Table 3) than the other lakes; however, the measurement of silica was a 
relatively insensitive colorimetric test.  If the difference is not just a statistical artifact, it 
could be due to differences in the primary geology of the watershed (Table 1).   
 
Turbidity and chlorophyll 
Most of the lakes displayed typical mountain lake characteristics, with crystal clear waters 
due to low turbidity levels (<1.5 NTU).  The only exception was Goat Lake.  Goat Lake had 
very low turbidities in July (median = 0.38 NTU), but had a median of 2.88 NTU in August, 
which could have been caused by the noticeable algal bloom, dominated by Dinobryon.  Bear 
Lake, Lake Evan and Myrtle Lake had the highest median concentrations of chlorophyll 
(1.56 µg/L, 12.54 µg/L and 3.75 µg/L, respectively; Table 3).  These three lakes also had a 
relatively high diversity of algal taxa (Appendix B).   
Carlson’s trophic state index (TSI; Carlson 1977) is used to categorize lakes based on 
chlorophyll concentrations (Wetzel 2001):   
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TSI (Chl) = 9.81 ln(Chl) + 30.6 
 
Lakes with TSI values less than 30 are considered oligotrophic, mesotrophic lakes have TSI 
values between 40 and 50 and eutrophic lakes have TSI values between 50 and 70 (Wetzel 
2001).  The lakes in my study were categorized by using the month with the highest median 
concentration of chlorophyll.  Lake Evan had the highest TSI value (TSI = 55.4) and was 
categorized as eutrophic.  Myrtle Lake had the next highest TSI value (TSI = 43.6) and was 
categorized as mesotrophic, along with Bear Lake (TSI = 35.0), Heather Lake (TSI = 30.6) 
and Island Lake (TSI = 31.5).  Boardman Lake, Coal Lake, Goat Lake, Independence Lake 
and Lake Twentytwo were categorized as oligotrophic lakes (TSIs <29).  
 
Total and dissolved organic carbon 
I measured both total and dissolved organic carbon.  Both total and dissolved fractions 
displayed similar patterns (Table 4), and because dissolved organic carbon is the major form 
of carbon that is transported into lakes from the watershed (Kolka et al. 2008), I selected 
dissolved organic carbon for further statistical analyses.  The ten lakes separated into two 
groups based on whether the dissolved organic carbon concentrations were above or below 
2.0 mg/L (Figure 3).  For simplicity, the separation of dissolved organic carbon 
concentrations above or below 2.0 mg/L will be termed “high” and “low” dissolved organic 
carbon groups.  Bear Lake, Boardman Lake, Lake Evan, Island Lake and Myrtle Lake fell 
into the high dissolved organic carbon group, with Lake Evan and Myrtle Lake having the 
highest median dissolved organic carbon concentrations (6.3 mg/L and 5.8 mg/L, 
respectively).  Coal Lake, Goat Lake, Heather Lake, Independence Lake and Lake 
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Twentytwo fell into the low dissolved organic carbon group (<2 mg/L).  These two lake 
groups had many other significant differences of water quality parameters in addition to 
dissolved organic carbon (Table 6).  The differences in dissolved organic carbon in the lakes 
are likely due to watershed and littoral zone differences (Wetzel 2001).  It was observed that 
the high dissolved organic carbon lakes had heavily vegetated watersheds, an abundance of 
littoral vegetation and aquatic macrophytes; the low dissolved organic carbon lakes generally 
had steep, rocky watersheds and rocky shorelines with little or no aquatic vegetation (Table 
1).  
The 2.0 mg/L “high” and “low” dissolved organic carbon concentration separation is 
a fairly reasonable separation point because according to Wetzel (2001), the median 
dissolved organic carbon concentration for oligotrophic lakes is 2.0 mg/L.  All of the lakes 
had concentrations lower than 10 mg/L, which is the median concentration for a typical 
eutrophic lake (Wetzel 2001).  Coal Lake, Goat Lake, Independence Lake and Lake 
Twentytwo were classified as oligotrophic based on both the dissolved organic carbon and 
TSI classifications.  Heather Lake was classified as oligotrophic based on the dissolved 
organic carbon classification.  Depending on which median chlorophyll concentration was 
used to calculate the TSI value, highest median month or overall median, Heather Lake was 
classified as either mesotrophic or oligotrophic, respectively.  Boardman Lake’s median 
dissolved organic carbon concentration was slightly higher (2.8 mg/L) than the median for 
oligotrophic lakes, and was classified as oligotrophic using the TSI classification.  Slight 
differences between the dissolved organic carbon and TSI classifications are to be expected 
because they are based on different variables, dissolved organic carbon and chlorophyll. 
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Total and dissolved metals 
Many of the metals concentrations were below the method detection limit at one or more 
sites (Table 5).  If more than 50% of the concentrations for a particular analyte was below 
detection, it was omitted from further statistical analyses.  All of the total and dissolved 
beryllium, cadmium, chromium, cobalt, lead, molybdenum, selenium, silver, thallium, 
thorium, uranium and vanadium concentrations were below detection; 90% of antimony and 
iron values were below detection; and 50% of nickel values were below detection, so these 
metals were removed from further statistical analyses (Table 5).  
Bear Lake, Boardman Lake, Lake Evan and Island Lake had relatively high 
concentrations of total aluminum (>110 µg/L) and dissolved aluminum (>75 µg/L).  Myrtle 
Lake, Coal Lake, Goat Lake, Heather Lake, Independence Lake and Lake Twentytwo all had 
relatively low concentrations of total and dissolved aluminum; concentrations of both total 
and dissolved were less than 60 µg/L.  Aluminum is one of the most common elements in the 
earth’s crust and watershed erosion is a large contributor of aluminum into lakes (Elder 
1988).  In a field study of two lakes in the Cascade Mountains, it was hypothesized that 
aluminum solubility was influenced by variable flow paths through the watershed, organic 
acids, pH and sulfate weathering (Easthouse et al. 1993).   
Myrtle Lake had relatively high concentrations for both total and dissolved arsenic, 
barium, magnesium, nickel, potassium and sodium (Table 5).  Myrtle Lake had the highest 
concentration of total iron (median = 234 µg/L), the only detectable concentration of 
dissolved iron (median = 145 µg/L) and the highest concentration of dissolved copper 
(median = 1.2 µg/L).  The reason for the relatively high concentrations of metals in Myrtle 
Lake could be due to the lake’s watershed.  The geology of the watershed is considered 
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outwash and the lake is located near the South Fork of the Sauk River, which flows from the 
historic mining town of Monte Cristo.  Flood events could have transported metals and 
sediments and downstream from either the mines themselves or the minerals found in the 
area, and over time, fractions of metals dissolved into the lake.   
Goat Lake had the second highest concentrations of total and dissolved potassium 
(medians = 208 µg/L and 214 µg/L, respectively), the highest concentration of total arsenic 
(median = 3.3 µg/L) and second highest concentration of dissolved arsenic (median = 1.5 
µg/L).  Total and dissolved antimony was only detected at Goat Lake (median = 0.6 µg/L for 
both).  The presence of these metals in Goat Lake can be attributed to the known arsenic 
deposits in the watershed and antimony deposits in the mining district (Broughton 1942). 
The State of Washington created criteria for toxic substances in surface waters to 
protect aquatic life (Ecology 2012). The criteria are based on the dissolved fractions of the 
toxin for both acute and chronic toxicity and are calculated with hardness levels for copper 
and zinc (Ecology 2012).  Based on the median concentrations for July, Bear Lake, 
Boardman Lake, Lake Evan and Island Lake all had dissolved copper and dissolved zinc 
concentrations above the criteria levels.  Bear Lake’s copper concentration (0.5 µg/L) was 
above the acute and chronic criteria (0.397 µg/L and 0.375 µg/L, respectively) and the zinc 
concentration (4.5 µg/L) was above the acute and chronic criteria (3.895 µg/L and 2.954 
µg/L, respectively).  Boardman Lake’s copper and zinc concentrations (0.6 µg/L and 3.9 
µg/L, respectively) were above the chronic criteria (0.596 µg/L and 3.696 µg/L, 
respectively).  Lake Evan’s copper and zinc concentrations (0.7 µg/L and 5.0 µg/L, 
respectively) were above the chronic criteria (0.642 µg/L and 3.874 µg/L, respectively).  
Island Lake’s copper concentration (0.7 µg/L) was above the acute and chronic criteria 
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(0.381 µg/L and 0.362 µg/L, respectively) and the zinc concentration (3.9 µg/L) was above 
both the acute and chronic criteria (3.760 µg/L and 2.917 µg/L, respectively).  Because the 
copper and zinc concentrations are higher in these lakes than the criteria, there could be 
negative impacts on aquatic life in these lakes.  However, Bear Lake, Boardman Lake, Lake 
Evan and Island Lake had relatively high algal diversity and abundance compared to the 
lakes that did not exceed the criteria.  This shows that metal toxicity did not have a negative 
impact on the algae in these lakes.   
 
Water Quality Regional Comparisons 
Lomnicky (1995), Larson et al. (1999) and Wong (2013) published water quality results from 
comparative mountain lakes in the Cascade Mountain Range in Washington. Lomnicky 
(1995) investigated 58 lakes in the North Cascades National Park Complex from 1989-1992 
and developed a lake classification system based on the physical, chemical and biological 
characteristics of the lakes.  Larson et al. (1999) investigated physical and chemical 
characteristics of 58 lakes from 1989-1993 within the North Cascades National Park 
Complex.  Both Lomnicky and Larson included mountain lakes from lowland forest zones 
through high alpine zones on the west side of the Cascade Crest.  Wong (2013) investigated 
spatial and seasonal patterns of phytoplankton and water chemistry in four lakes near Mount 
Baker in the Cascade Mountains in 2012.  When comparing the lakes in my study to these 
other studies, some water quality differences are to be expected because water samples from 
my study were collected from the shoreline, whereas the other studies collected water 
samples 0.5-1 m below the surface near the deepest part of the lake.   
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My lakes were slightly warmer (9.1-26.9 ºC; Table 3) than the four lakes sampled in 
the Mount Baker area (4-20.7 ºC; Wong 2013) and the 58 lakes sampled in North Cascades 
National Park Complex (1.3-21 ºC; Larson et al. 1999).  Dissolved oxygen concentrations 
were slightly lower in my lakes (5.61-11.21 mg/L) compared to the colder Mt. Baker lakes 
(6.8-13.2 mg/L).  The warmer temperatures could be explained by sample location because 
my samples were all collected along the shoreline, which would be one of the warmest 
locations in the lake.  The temperature differences could also be explained by the annual 
variation in snow/precipitation, lake elevation and watershed morphology. 
Conductivity, alkalinity and pH values from my study were in the general range 
defined by the other studies in the Cascade Mountains.  Conductivity values in my study 
ranged from 5.9-57.2 µS/cm, which was at the lower end of the range from Larson’s study 
(1.9-156.9 µS/cm; Larson et al. 1999).  The alkalinity range in my lakes was slightly higher 
(0.69-27.01 mg/L) compared to Larson’s results (0.4-20.5 mg/L).  The pH values in my lakes 
(6.1-7.9) were within Larson’s (5.9-8.7) and were almost the same as Wong’s (6.1-7.3).  
The total phosphorus concentrations and total nitrogen concentrations in my lakes 
were generally within the ranges reported for the Mt. Baker area and the larger set of North 
Cascades lakes.  For total phosphorous, the range of concentrations in my lakes (<1.6-20.4 
µg/L) was very similar to Wong’s and Larson’s (<4.8-15.9 µg/L and <1.0-30 µg/L, 
respectively).  The total nitrogen concentration in my lakes ranged from <30.0 µg/L to 365.3 
µg/L.  Bear Lake and Myrtle Lake were at the high end of the range (medians = 315 µg/L 
and 238 µg/L, respectively), whereas the remaining lakes fell within the ranges of Wong’s 
and Larson’s (<21.8-198 µg/L and <1-194 µg/L, respectively).  None of these differences are 
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very extreme, which suggests that the ten Mountain Loop Highway lakes had fairly typical 
water quality for the region. 
Dissolved sodium, potassium, calcium and magnesium were analyzed in 58 lakes by 
Lomnicky (1995).  Lomnicky used a 0.7 µm filter to measure these parameters, while I used 
a 0.45 µm filter; however, the results are still likely to be reasonably comparable.  Lomnicky 
reported mean and standard deviation for four different zones: low forest, high forest, 
subalpine and alpine.  In comparing the median values for all my lakes to the means from 
Lomnicky’s lake zones, my data fell within the high forest and subalpine zones.  For 
example, my medians for sodium and magnesium (423 µg/L and 341 µg/L, respectively) 
corresponded with Lomnicky’s high forest means (368 µg/L and 350 µg/L, respectively).  
Similarly, potassium and calcium medians for my lakes (106 µg/L and 1602 µg/L, 
respectively) corresponded with Lomnicky’s subalpine means (114 µg/L and 1,502 µg/L, 
respectively).  Lomnicky’s four zones were classified based on vegetation; the high forest 
zone was described as forests with a permanent winter snowpack and the subalpine zone was 
described to have herbs, woody shrubs and some trees aggregated in open forests (Lomnicky 
1995).  The lakes along the Mountain Loop Highway match the combination of the zone 
descriptions for the high forest and subalpine zones and have very similar water quality 
characteristics as other lakes in the Cascade Mountain Range.  
 
Algal Taxonomic Diversity 
A total of 405 different algal taxa were identified from the live and settled samples collected 
in July and August 2014 (Appendix B).  The 405 algae taxa identified in my study represent 
a conservative estimate of the actual number of taxa present in the lakes.  Additional taxa 
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were identified in June and September 2014 and from previous sampling years by the 
Institute for Watershed Studies, but these taxa were not included in Appendix B because they 
were not examined with a consistent level of taxonomic effort.   
Desmids and diatoms represented the majority of the taxa (136 and 101 taxa, 
respectively), followed by greens (66 taxa), other phyla (57 taxa) and cyanobacteria (45 
taxa).  In five lakes (Bear Lake, Boardman Lake, Island Lake, Myrtle Lake and Heather 
Lake), desmids accounted for 39-45% of all the taxa identified in each lake (Table 7).  
Diatoms accounted for 32-55% of all taxa identified in six lakes (Lake Evan, Island Lake, 
Coal Lake, Goat Lake, Independence Lake and Lake Twentytwo).  
Each lake had a diverse algal community structure, with 256 taxa that were unique to 
an individual lake (Table 7).  These unique taxa may be present in other lakes, but at low 
densities, so they were not observed during the examination of live material.  The median 
percent of unique taxa for all the lakes was 33%.  Myrtle Lake had the largest number of 
unique taxa (55), which represented 53% of all taxa identified from the Myrtle Lake samples, 
while Independence Lake had only nine unique taxa (31%).  There were fewer taxa that 
could be defined as ubiquitous to the ten lakes.  Only 24 taxa were observed in five or more 
lakes, including one diatom, Tabellaria flocculosa, that was observed in nine out of ten lakes 
and two taxa (Cryptomonas erosa and Dinobryon cylindricum) that were observed in seven 
out of ten lakes. 
 
Algal Abundance 
A total of 55 algal taxa were identified in the settled samples.  These taxa were combined to 
form 43 genera for data analysis (Table 8).  Major differences were observed in taxa between 
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the live algae samples and the settled samples for enumeration.  Only 14% of the taxa 
identified in the live samples were represented in the settled samples. This was expected 
because the live samples were collected from different habitats and locations around the 
lakes during both July and August and the samples were examined with the specific goal of 
developing a comprehensive list of algal taxa from the ten lakes.  
Overall, the numerical abundance in the settled samples was dominated by 
cyanobacteria, which represented 86% of the total cell counts.  When separated by lake, four 
lakes (Bear Lake, Boardman Lake, Lake Evan and Myrtle Lake) were dominated by either 
Merismopedia or Aphanocapsa, which represented 51-89% of the total counts per lake 
(Table 9).  Green algae (Elakatothrix) and other algae (Dinobryon and Peridinium) 
comprised at least 50% of the counts in three lakes (Goat Lake, Heather Lake and 
Independence Lake); the remaining lakes did not have genera representing >50% of the 
numerical abundance.  
Boardman Lake contained the highest cell count (47,000 cells/mL), representing 62% 
of all cells counted within the ten lakes (Table 10).  Bear Lake contained the second largest 
cell count, representing 20% of all the algae counted.  Both lakes were dominated by 
Merismopedia.  Coal Lake, Heather Lake, Independence Lake, Island Lake and Lake 
Twentytwo each contained less than 1% of the total cell counts.  Independence Lake 
contained the fewest cells (40 cells/mL; 0.06% of all cells counted) and was dominated by 
the green algae, Elakatothrix.   
Algal biovolume was dominated by the “other” category, which represented 77% of 
the total biovolume.  Cryptomonas, Dinobryon, Peridinium and Peridinopsis comprised 59-
89% of the biovolume in four lakes (Coal Lake, Goat Lake, Heather Lake and Island Lake).  
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Green algae (Elakatothrix and Scenedesmus) dominated the biovolume in two lakes (Bear 
Lake and Lake Evan) and diatoms (Suirella and Navicula) dominated the biovolume in Lake 
Twentytwo.  The remaining lakes did not have genera representing >50% of the biovolume.  
Heather Lake contained the largest biovolume of all ten lakes, 3.42 x 106 µm3/mL, or 
39% of the total biovolume in all the lakes, and was dominated by Peridinium (Tables 9, 10).  
Goat Lake contained the second largest biovolume, 2.34 x 106 µm3/mL, which represented 
26% of the overall total biovolume and was dominated by Dinobryon.  Bear Lake, Island 
Lake, Independence Lake and Lake Twentytwo each contained less than 2% of the total algal 
biovolume.   
 
Regional Algal Comparisons  
Based on my settled algal samples, the 55 taxa collected in ten lakes during my study was 
fairly similar to other studies in the region, especially after comparing the number of lakes 
that were sampled.  For example, in the North Cascades National Park Complex, 93 taxa 
were collected in 51 lakes (Larson et al. 1998) and 97 taxa were collected in 58 lakes 
(Lomnicky 1995).  Wong (2013) collected 88 taxa, of which 79 taxa were identified to genus 
or species, from four lakes in the Mount Baker area.  Because Wong had similar sampling 
methods, detailed analyses of the phytoplankton in her lakes, and because Karl Bruun 
performed the counts and identifications for her research as well, I consider her study to be 
the most direct comparison to my sites.  
Cyanobacteria were the most abundant type of algae in both my study and Wong’s 
study.  Cyanobacteria had a higher relative abundance in my lakes (86% of the total cell 
count) compared to 66% relative abundance in Wong’s study.  Merismopedia was the 
31 
dominant taxa in my study, whereas Aphanocapsa was the dominant taxa in Wong’s study.  
Green algae were the second most abundant type of algae in both studies, as Wong observed 
23% relative abundance and I observed 10% relative abundance for green algae when 
combining cell counts for green algae and desmids.   
The largest contributor to algal biovolume for my study was Peridinium (“other” 
category), which represented 40% of the total biovolume in all my lakes.  Wong’s largest 
biovolume contributor was the green algae Botryosphaerella sudetica (16%); this species 
was not observed in my settled samples.   
Desmids and diatoms represented a small percentage of cell counts and biovolumes 
for both my study and Wong’s study.  In my study, desmids represented 0.1% relative cell 
counts and 8.4% of the relative biovolume, compared to 0.06% and 3.06%, respectively in 
Wong’s lakes.  Diatoms represented 0.4% of the relative cell counts and 3.2% relative 
biovolume; Wong observed 1.0% relative cell counts and 13% relative biovolume.  
In my study, as well as in Lomnicky (1995), Larson et al. (1998) and Wong (2013), 
no two lakes were exactly alike in terms of algal taxa, cell densities and biovolumes.  Despite 
the generally unique nature of these mountain lakes, there were some similarities.  The 
number of taxa identified in the settled samples from my lakes was similar to the number of 
taxa in Wong’s, Larson’s and Lomnicky’s studies.  Cyanobacteria were the dominant algae 
in all four studies, and my study and Wong’s study had similar relative percentages for 
cyanobacteria and green algae.  In addition, both Wong’s study and my study had low counts 
of diatoms and desmids in the settled samples.   
Despite the low counts from the settled samples, diatoms and desmids had high 
diversity in my study within the live samples; diatoms were represented by 101 taxa and 
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desmids were represented by 136 taxa from examination of the live algae.  Historically, 
diatoms have been used as biological indicators of water quality because they have a 
widespread distribution and they have distinct ecological preferences and tolerances 
(Bellinger and Sigee 2010).  Diatoms can be useful for identifying polluted waters through 
differences in species tolerances and sensitivities, as well as changes in trophic levels due to 
cultural eutrophication and climate change.  Desmids have also been proposed as possible 
bioindicators because desmids are indicative of mature, unpolluted ecosystems (Coesel 1983, 
2001) and many types of desmids are cold-water specialists that are not tolerant of increasing 
lake temperatures.   
The samples collected in the open water did not represent the high diversity of 
diatoms and desmids because open water is not the preferred habitat for these algae.  Diatoms 
are commonly found on littoral substrate, which is why the live collection method was 
focused on scraping near-shore vegetation and rocks.  Desmids are commonly found within 
the shoreline vegetation, so a higher diversity of desmids was collected when the plankton 
net was towed through multiple habitats, including aquatic macrophytes and varying water 
column depths.  In addition, there was a large difference in the volume of water sampled 
between the one-liter of water for the settled samples and the many plankton tows and the 
area of near-shore substrate sampled.  To use diatoms and desmids successfully as 
bioindicators, their preferred habitats need to be targeted and a set area or volume needs to be 
used for quantitative analysis.  Numerous indices have been developed for diatoms, such as 
species diversity, seasonal succession and taxa presence/absence (Bellinger and Sigee 2010).  
Desmids have been used less frequently as bioindicators, but given the diversity in my lakes, 
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this algal group has potential for evaluating changes in biodiversity in mountain lakes in the 
Cascades.   
 
Water Quality, Watershed and Algal Associations   
Correlation analysis was used to help identify relationships between water quality 
parameters, watershed features and algal assemblages.  All significant correlations are 
displayed in Table 11.  Dissolved metal concentrations were used for all correlation analyses.   
Temperature and dissolved oxygen were negatively correlated, as expected (p<0.001, 
τ=-0.778).  Warm water holds less oxygen and because my samples were from the well-
mixed, vegetated shoreline, oxygen was likely near saturation relative to temperature in most 
of my lakes.  Decomposition along the highly vegetated shorelines of Bear Lake, Boardman 
Lake, Lake Evan, Island Lake and Myrtle Lake decreased the dissolved oxygen 
concentrations and the shallow nature of these vegetated shorelines were more affected by 
direct solar radiation, resulting in higher temperatures.   
Conductivity was correlated with alkalinity (p<0.001, τ=0.966) and pH (p<0.01, 
τ=0.796) and pH was correlated with alkalinity (p<0.001, τ=0.854). Dissolved calcium was 
correlated with conductivity, alkalinity and pH (p<0.001; τ=0.932, τ=0.989 and τ=0.867, 
respectively); dissolved magnesium was correlated with conductivity (p<0.001, τ=0.841), 
alkalinity (p<0.01, τ=0.764) and pH (p<0.05, τ=0.600). These correlations were expected 
because these variables are all related to the carbonate cycle in water.  Calcium carbonate and 
magnesium carbonate are soluble in water; calcium and magnesium are two dissolved ions 
measured by conductivity; carbonate and bicarbonate contribute to alkalinity; pH is the 
measurement of hydrogen ions produced from the hydrolysis of bicarbonate (EPA 1986).   
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Total phosphorous and total nitrogen were correlated with each other (p<0.01, 
τ=0.828) and chlorophyll was correlated with total phosphorous (p<0.001, τ=0.778) and total 
nitrogen (p<0.01, τ=0.736).  In addition, chlorophyll and turbidity were correlated (p<0.05, 
τ=0.494).  These correlations were expected because total phosphorous and total nitrogen are 
limiting nutrients that are necessary for algal growth and algal blooms often cause water to 
become more turbid.  Other sources of turbidity, such as silt, sediments and particulate 
matter, would potentially decrease algal growth and chlorophyll concentrations.  Silica, 
which is a limiting nutrient for diatoms and scaled chrysophytes, was not correlated with any 
water quality variables.  This could be a statistical artifact because silica was analyzed by a 
fairly insensitive colorimetric test.  But the lack of silica correlations could also be due to the 
distribution and sedimentation of silica within a lake and the low abundance of diatoms in the 
water column.  
Dissolved aluminum, copper and zinc were negatively correlated with pH (p<0.05; 
τ=-0.511, τ=-0.547 and τ=-0.719, respectively) and positively correlated with dissolved 
organic carbon (p<0.05; τ=0.568, τ=0.712 and τ=0.552, respectively).  When lakes are more 
acidic (lower pH), metals dissolve more readily in the water, resulting in higher metal 
concentrations (Elder 1988).  Dissolved organic carbon complexes with metals, which 
decreases metal toxicity and bioavailability to aquatic organisms (Kullberg et al. 1993).  Bear 
Lake, Boardman Lake, Evan Lake and Island Lake all had relatively high concentrations of 
aluminum, copper, zinc, with relatively low pHs and relatively high dissolved organic carbon 
concentrations compared to the other lakes in this study.   
A few watershed features were correlated with numerous water quality variables.  
Watershed slope was positively correlated with dissolved oxygen (p<0.001, τ=0.644) and 
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was negatively correlated with: temperature, total phosphorous, total nitrogen and dissolved 
organic carbon (p<0.05; τ=-0.600, τ=-0.511, τ=-0.506 and τ=-0.705, respectively).  Elevation 
was negatively correlated with chlorophyll and total nitrogen (p<0.05; τ=-0.600 and τ=-
0.506, respectively).  
Temperature and oxygen were correlated with watershed slope, but not elevation.  
Coal Lake, Goat Lake, Heather Lake, Independence Lake and Lake Twentytwo had 
watershed slopes that were greater than 60% (Table 1) and were the coldest lakes with the 
highest dissolved oxygen concentrations (Table 3).  Steep, rocky watersheds hold snow 
longer into the season, which influence water temperatures and provide more oxygenated 
surface water runoff.  The steep rocky cliffs of Goat Lake, Heather Lake and Lake 
Twentytwo were north facing as well, which resulted in lingering snowfields that supplied 
near freezing surface water runoff into the lakes during sampling.  Other lake morphology 
factors can influence lake temperatures, including lake depth to surface area ratios, solar 
radiation and ground water inputs. 
Total phosphorous, total nitrogen and dissolved organic carbon were all negatively 
correlated with watershed slope, whereas only chlorophyll and total nitrogen were negatively 
correlated with elevation.  The lack of consistency between correlated water quality variables 
(total phosphorous, total nitrogen and dissolved organic carbon; Table 11) and elevation 
suggests that the watershed and nutrient correlations were related to lake morphology.  Bear 
Lake, Boardman Lake, Lake Evan, Island Lake and Myrtle Lake had watershed slopes that 
were less than 46% and had relatively high nutrient and dissolved organic carbon 
concentrations.  It was observed that these lakes had highly vegetated watersheds and well-
established littoral vegetation. 
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Desmid counts were negatively correlated with watershed slope (p<0.05, τ=-0.613), 
which was probably due to the high desmid counts in Bear Lake, Lake Evan and Myrtle 
Lake, all of which had relatively low elevations and low watershed slopes.  Desmids were 
positively correlated with temperature, total phosphorous, total nitrogen and dissolved 
organic carbon, and negatively correlated with dissolved oxygen (Table 11).  These 
correlations represent lakes that form a group with gradually sloped watersheds, extensive 
littoral vegetation and high desmid diversity (Table 7).  
Dissolved organic carbon was positively correlated with desmid counts and 
biovolumes (p<0.01; τ=0.903 and τ=0.684, respectively) and was negatively correlated with 
watershed slope (p<0.01, τ=-0.705).  This correlation reflected the general pattern, where the 
lakes with gradually sloped watersheds contained higher concentrations of dissolved organic 
carbon and higher desmids counts and biovolumes, while the lakes with steep slopes and 
rocky watersheds and shorelines had lower concentrations of dissolved organic carbon and 
lower desmid counts and biovolumes.  Dissolved organic carbon was also correlated with 
temperature (p<0.05, τ=0.523), chlorophyll (p<0.05, τ=0.523), total phosphorous (p<0.01, 
τ=0.750) and total nitrogen (p<0.001, τ=0.847).  Dissolved organic carbon was negatively 
correlated with dissolved oxygen and sulfate (p<0.01, τ=-659 and τ=-0.705, respectively).  
As mentioned previously, dissolved organic carbon concentrations created two groups of 
lakes based on whether the dissolved organic carbon was >2.0 mg/L (“high” DOC) or <2.0 
mg/L (“low” DOC).  The high dissolved organic carbon lakes corresponded to lakes with the 
gradually sloped watersheds and well-established littoral vegetation (Bear Lake, Boardman 
Lake, Lake Evan, Island Lake and Myrtle Lake); the low dissolved organic carbon lakes 
corresponded with the steep, rocky watersheds (Coal Lake, Goat Lake, Heather Lake, 
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Independence Lake and Lake Twentytwo).  The lakes with littoral vegetation and high algal 
biovolumes have higher concentrations of dissolved organic carbon because the littoral 
vegetation and algae produce dissolved organic carbon (Wetzel 2001, Nguyen et al. 2005).   
 
Multivariate Associations Between Water Quality and Algae 
Non-parametric, nonmetric cluster analysis (Matthews et al. 1991) was used to cluster lakes 
based on similar water quality characteristics.  Despite the within-lake spatial differences 
from the three sample locations at each lake and the temporal differences between July and 
August for each lake, the lakes clustered into two groups that corresponded to the high/low 
dissolved organic carbon lakes (Figure 4).  Dissolved organic carbon and dissolved 
aluminum had 100% proportional reduction in error, meaning that these two variables 
separated the clusters 100% of the time. 
When the high and low dissolved organic carbon group medians for the water quality 
variables were compared, there were many significant differences (Table 6).  As expected, 
dissolved organic carbon was significantly higher (p<0.01) for the high group (median = 3.3 
mg/L) than the low group (median = 0.7 mg/L).  The high dissolved organic carbon group of 
lakes also had significantly higher temperatures and high concentrations of total phosphorus, 
total nitrogen, chloride, aluminum, copper and zinc (Table 6).  Dissolved oxygen, pH, 
alkalinity, sulfate and calcium concentrations were significantly lower for the high dissolved 
organic carbon group than the low group.   
There were differences between algae species richness and taxonomic diversity 
between the high and low dissolved organic carbon lakes as well.  For the settled algal 
samples, there were differences in cell counts and biovolumes between the high and low 
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dissolved organic carbon groups (Table 12).  Desmid counts were significantly higher for the 
high group than for the low group, as well as desmid biovolumes.  Green algae had 
significantly higher counts and biovolumes than the low group.  No cyanobacteria were 
observed in the low dissolved organic carbon lakes, which resulted in a significant difference 
between the high and low groups for both cyanobacteria cell counts and biovolumes. 
In comparing the total taxa observed in each lake, the high dissolved organic carbon 
lakes had greater species richness and taxonomic diversity than the low dissolved organic 
carbon lakes (Table 7; Appendix B).  The total taxa in the high group ranged from 62 to 112 
taxa per lake, as compared to the range of 29 to 71 different taxa in the low group (medians = 
84 and 56, respectively).  As previously mentioned, desmid diversity was higher in the high 
dissolved organic carbon lakes than the low dissolved organic carbon lakes (medians = 34 
and 10, respectively; relative abundance = 40% and 18%, respectively).  In Wisconsin, 
Woelkerling and Gough (1976) found that acid bogs had high desmid diversity.  They also 
found desmid diversity was correlated with low conductivity, calcium and alkalinity levels 
and pH values of 5.1-7, which was similar to the water quality characteristics of the high 
dissolved organic carbon lakes in this study.  Diatom diversity was very similar in the high 
and low groups, as they had the same median number of diatom taxa (20) and the low group 
had a slightly higher relative diatom percentage compared to the high group (34% and 24%, 
respectively).  The high group contained more unique taxa to each individual lake (medians = 
32 and 20, respectively), but had similar relative percentages (36% and 31%, respectively).   
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Summary of Watershed, Water Quality and Algal Patterns 
Despite the fact that all the lakes in my study were soft water, poorly buffered and had 
similar characteristics to other lakes within the Cascade Mountains, there were substantial 
differences between the lakes of my study in terms of water quality, watershed and algae.  
Coal Lake and Independence Lake had numerous water quality similarities that were related 
to the high concentrations of dissolved inorganics present in those two lakes.  The similarities 
included relatively high conductivity, alkalinity, silica, calcium, sulfate and sodium 
concentrations compared to the other lakes, as well as steep slopes and rocky shorelines with 
minimal littoral vegetation.  These two lakes were located in the same watershed, with basalt 
as the primary watershed geology.  Coal Lake and Independence Lake had very similar algal 
diversity and abundance, with the lowest number of total algal taxa, the fewest desmid 
species and the lowest cell counts.   
Heather Lake and Lake Twentytwo also formed a natural group.  These lakes were in 
very close proximity to each other and had very similar watershed characteristics, with steep, 
north facing, rocky slopes and similar watershed areas.  Both lakes had low concentrations of 
total phosphorous and contained the only detectable concentrations of nitrate + nitrite.  But, 
Heather Lake and Lake Twentytwo had very different algal populations.  Notably, Heather 
Lake contained 39% of the total algal biovolume for all ten lakes, while Lake Twentytwo 
contained less than 1% of the total biovolume.   
The most notable difference between lakes was represented by the high and low 
dissolved organic carbon groups.  The high dissolved organic carbon lakes (Bear Lake, 
Boardman Lake, Lake Evan, Island Lake and Myrtle Lake) generally had higher 
temperatures, higher concentrations of total phosphorous, total nitrogen, chloride, aluminum, 
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copper and zinc, lower concentrations of dissolved oxygen, pH, alkalinity, sulfate and 
calcium concentrations and had taxonomically diverse algal communities.  These lakes also 
had gradually sloped, vegetated watersheds and well-developed littoral zones, with 
vegetation surrounding most, if not all of the lakes’ shorelines.  Some of the high dissolved 
organic carbon lakes also had thick mats of sphagnum moss and floating bogs.  The low 
dissolved organic carbon lakes had steep, rocky slopes and rocky shorelines with little to no 
littoral vegetation, and typically had lower algal species richness and taxonomic diversity.  
The low dissolved organic carbon lakes included Coal Lake and Independence Lake, which 
were identified as having relatively high concentrations of dissolved inorganic compounds 
and low algal diversity; as well as Heather Lake and Lake Twentytwo, which formed a group 
based on proximity and other morphological similarities.  The last lake in this group, Goat 
Lake, has the largest watershed, lake surface area and topographical watershed relief of all 
the lakes in this study, as well as low algal diversity.  
The correlations and multivariate results revealed that many of the watershed and 
water quality parameters were related and collectively formed groups of lakes with similar 
characteristics.  Some watershed and water quality characteristics, notably high dissolved 
organic carbon and the presence of shoreline vegetation, may prove to be useful for 
predicting which other mountain lakes in the region would be more likely to contain a 
diverse algal community.   
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CONCLUSION 
I explored the relationships between water quality parameters, watershed characteristics and 
algal diversity and abundance in ten lakes along the Mountain Loop Highway in Washington 
State.  The objectives of my research were to collect water quality and watershed data and 
describe similarities between lakes, to characterize the taxonomic diversity and relative 
abundance of algae, to determine whether the water quality and watershed data were related 
to the taxonomic diversity and abundance of algae and to compare the water quality, 
watershed and algal patterns in my sample sites to other lakes in the region.  
All of my study lakes had relatively high dissolved oxygen concentrations and 
relatively low alkalinities and conductivities.  The nutrients and metals had varying 
concentrations in my ten study lakes, which can be attributed to the vegetation and geological 
bedrock in the watersheds, as well as in-lake processes. 
A total of 405 different algal taxa were identified collectively in the ten lakes, of 
which 256 taxa were unique to an individual lake.  Desmids contributed the largest number 
of taxa (136), many of which are cold-water specialists that are not tolerant of increasing 
global temperatures.  Diatoms (101 taxa) were also very diverse and have been used 
historically as bioindicators for water quality due to their widespread distribution and 
ecological preferences and tolerances.   
There were numerous associations between water quality variables, watershed 
characteristics and algal abundance and diversity, especially with dissolved organic carbon, 
watershed slope and desmids.  The high dissolved organic carbon lakes corresponded with 
the gradually sloped watersheds with well-established littoral vegetation and high desmid 
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diversity; the low dissolved organic carbon lakes corresponded with the steep, rocky 
watersheds and low desmid diversity.  
The lakes in my study shared similar water quality and algal characteristics with other 
lakes in the region.  All lakes in the region had high dissolved oxygen concentrations, 
relatively low alkalinities and conductivities, low chlorophyll concentrations and low nutrient 
concentrations.  Dissolved sodium, magnesium, potassium and calcium concentrations in my 
study were similar to those in the high forest and subalpine zones of the Cascade Mountains.  
In all of the studies, no two lakes were exactly alike in terms of algal taxa, cell densities and 
biovolumes.  However, there were some similarities; cyanobacteria were dominant in all four 
studies and there were similar number of taxa identified in the settled samples.   
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FIGURES 
 
 
Figure 1.  Topographic map showing all ten lakes along the Mountain Loop Highway in 
Snohomish County.  Map created by Stefan Freelan, Western Washington University; used 
with permission. 
     
 
 
Figure 2.  Map of Snohomish County, Washignton, showing locations of mines and mining prospects (Broughton 1942). 
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Figure 3.  Dissolved organic carbon concentrations from July and August 2014 showing 
natural separation between sites above and below 2.0 mg/L DOC. 
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Figure 4.  High and low dissolved organic carbon groups clustered independently with non-
parametric nonmetric clustering.  Plotted with dissolved organic carbon and sulfate to show 
separation between groups. 
  
TABLES 
 
Table 1.  July and August 2014 sampling dates and times, watershed characteristics, primary waterhsed geology and fish stocking data 
for each lake. 
 
July 
Sampling 
Date and 
Time 
August 
Sampling 
Date and 
Time 
Elevation1 
(m) 
Lake 
Surface 
Area1 
(m2) 
Watershed 
Area1 
(m2) 
Average 
Watershed 
Slope1 
(%) 
Evergreen 
Coverage2 
(%) 
Littoral 
Vegetation 
Inlet/ 
Outlet 
Primary 
Watershed 
Geology2 
Fish 
Stocking 
Date3 
Bear 7/24, 18:15 8/27, 10:15 846 75,642 708,300 41.6 85 Yes No Argillite 2006 
Boardman 7/21, 14:00 8/20, 12:15 909 180,410 2,223,000 45.7 82 Yes Yes 
Quartz 
monzodiorite 
2006 
Coal 7/31, 10:30 8/27, 12:30 1,052 25,477 1,312,200 66.6 88 No Yes Basalt 2008 
Evan 7/21, 16:30 8/20, 10:00 839 42,770 423,000 28.9 89 Yes No Argillite 2010 
Goat 7/28, 12:45 8/25, 14:30 963 236,014 7,886,700 76.8 46 No Yes Granodiorite 2012 
Heather 7/24, 11:00 8/18, 10:15 730 56,957 1,871,100 81.5 49 No Yes Argillite 2014 
Independence 7/31, 13:15 8/27, 15:00 1,116 24,033 849,600 60.7 95 No Yes Basalt 2013 
Island 7/21, 11:30 8/20, 15:30 1,085 45,663 347,400 39 86 Yes Yes Argillite 2010 
Myrtle 7/28, 17:30 8/25, 10:15 594 13,393 193,500 40.7 89 Yes No Outwash 1980 
Twentytwo 7/24, 14:45 8/18, 15:00 735 152,383 1,715,400 98.2 45 No Yes Argillite 2006 
1 StreamStats (US Geological Survey 2015) 
2 ArcGIS (ESRI 2015) 
3 WA State Trail Blazers Fish Stocking Records (personal communication, Michael Mitchell, WA State Trail Blazers, September 2014) 
 
 
  
Table 2.  Method detection limit (MDL), analyte sensitivities and relative percent differences for paired field and laboratory 
duplicates.  
Analysis 
Location Parameter Abbrev 
Method 
(APHA 2012) MDL Sensitivity 
Field Relative 
% Difference 
Lab Relative 
% Difference 
 Water Quality  
   
  
Field Temperature Temp YSI (2010) - ±0.1 °C 2% - 
Field Dissolved Oxygen DO YSI (2010) - ±0.1 mg/L 3% - 
IWS Lab Dissolved Oxygen DO #4500-O.C. - ±0.1 mg/L - 14% 
IWS Lab pH pH #4500-H+ - ±0.1 pH unit 1% 1% 
IWS Lab Alkalinity Alk #2320 - ±0.4 mg/L 7% 8% 
IWS Lab Conductivity Cond #2510 - ±2.1 μS/cm 1% 7% 
IWS Lab  Turbidity Turb #2130 - ±0.2 NTU 41% 17% 
IWS Lab Chlorophyll Chl #10200 H - ±0.1 μg/L 150% 43% 
IWS Lab-AA1 Total Phosphorous TP #4500-P J 1.6 μg/L ±1.6 μg/L 38% 27% 
IWS Lab-AA Soluble Reactive Phosphate SRP #4500-P G 2.7 μg/L ±1.5 μg/L <MDL <MDL 
IWS Lab-AA Total Nitrogen TN #4500-N C 30.0 μg/L ±25.2 μg/L 8% 19% 
IWS Lab-AA Nitrate + Nitrite NO3 #4500-NO3 I 8.2 μg/L ±5.7 μg/L 14% 34% 
IWS Lab Silica Silica #4500- SiO2 D - ±0.5 mg/L 0% 0% 
IC2 Chloride Cl #4110 17.0 μg/L ±13.0 μg/L 10% 2% 
IC Sulfate SO4 #4110 34.0 μg/L ±26.0 μg/L 33% 3% 
TOCA3 Organic Carbon (Total/Dissolved) TOC/DOC #5310 0.1 mg/L ±0.1 mg/L 144% 7% 
1AA- Autoanalyzer   
2IC- Ion Chromatography  
3TOCA- Total Organic Carbon Analyzer  
  
Table 2, continued. 
Analysis 
Location Parameter Abbrev 
Method 
(APHA 2012) MDL Sensitivity 
Field Relative 
% Difference 
Lab Relative 
% Difference 
 
Metals (Total/Dissolved)  
   
  
ICP-MS4 Aluminum Al #3125 2.1 μg/L ±1.5 μg/L 13% 70% 
ICP-MS Antimony Sb #3125 0.2 μg/L ±0.1 μg/L 0% 0% 
ICP-MS Arsenic As #3125 0.3 μg/L ±0.2 μg/L 18% 18% 
ICP-MS Barium Ba #3125 0.2 μg/L ±0.1 μg/L 17% 18% 
ICP-MS Beryllium Be #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Cadmium Cd #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Calcium Ca #3125 16.2 μg/L ±12 μg/L 5% 5% 
ICP-MS Chromium Cr #3125 0.2 μg/L ±0.1 μg/L <MDL 29% 
ICP-MS Cobalt Co #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Copper Cu #3125 0.3 μg/L ±0.2 μg/L 22% 194% 
ICP-MS Iron Fe #3120 109.3 μg/L ±81.0 μg/L 7% 34% 
ICP-MS Lead Pb #3125 0.3 μg/L ±0.2 μg/L <MDL 0% 
ICP-MS Magnesium Mg #3120 8.8 μg/L ±6.6 μg/L 5% 10% 
ICP-MS Manganese Mn #3125 0.2 μg/L ±0.1 μg/L 17% 9% 
ICP-MS Molybdenum Mo #3125 0.3 μg/L ±0.2 μg/L <MDL <MDL 
ICP-MS Nickel Ni #3125 0.2 μg/L ±0.2 μg/L 50% 7% 
ICP-MS Potassium K #3120 51.7 μg/L ±38.3 μg/L 8% 13% 
ICP-MS Selenium Se #3125 2.5 μg/L ±1.8 μg/L <MDL <MDL 
ICP-MS Silver Ag #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Sodium Na #3120 11.6 μg/L ±8.6 μg/L 5% 10% 
ICP-MS Thallium Tl #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Thorium Th #3125 0.8 μg/L ±0.6 μg/L <MDL <MDL 
ICP-MS Uranium U #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Vanadium V #3125 0.2 μg/L ±0.1 μg/L <MDL <MDL 
ICP-MS Zinc Zn #3125 1.8 μg/L ±1.3 μg/L 26% 22% 
4ICP-MS- Inductively Coupled Plasma- Mass Spectrometry 
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Table 3.  Summary of water quality data from all ten lakes (overall minimum-maximum 
values and median values for July and August).  Measurements with significantly different 
median values between sampling months are indicated using an asterisk (Wilcoxon Rank 
Sum test; p<0.05).   
  Temperature 
(°C) 
Dissolved 
Oxygen 
(mg/L) 
pH Alkalinity 
(mg/L) 
Conductivity 
(µS/cm) 
Turbidity 
(NTU) 
Chlorophyll 
(µg/L) 
Bear Min-max  15.5-21.1 8.1-9.0 6.2-6.4 1.1-1.3 6.2-6.9 0.61-1.25 0.72-5.62 
 July median 15.6* 8.5* 6.2* 1.1* 6.2* 0.73 1.56 
 August median 
 
20.9* 8.3* 6.4* 1.2* 6.9* 0.80 1.02 
Boardman Min-max  19.1-20.2 7.7-8.7 6.8-6.9 2.1-2.3 8.7-10.4 0.40-0.58 0.31-0.85 
 July median 19.9 8.6* 6.8 2.3* 10.1* 0.46* 0.32* 
 August median 
 
19.4 7.8* 6.8 2.2* 8.8* 0.58* 0.81* 
Coal Min-max  15.4-17.8 9.6-10.3 7.6-7.9 25.7-27.0 54.2-57.2 0.23-0.33 0.43-0.68 
 July median 15.6 9.6 7.7* 26.0* 54.2* 0.25 0.44* 
 August median 
 
16.3 10.0 7.9* 27.0* 57.1* 0.27 0.59* 
Evan Min-max  20.2-21.9 6.9-7.9 6.6-7.0 2.0-2.6 10.1-11.6 0.51-1.02 1.12-14.3 
 July median 21.4* 7.3* 6.7* 2.1* 10.3 0.63* 1.33* 
 August median 
 
20.3* 7.9* 6.9* 2.6* 10.3 0.96* 12.54* 
Goat Min-max  14.1-20.9 8.7-9.6 7.1-7.3 5.9-6.3 15.2-16.6 0.38-5.6 0.01-0.97 
 July median 18.2 9.6 7.1* 5.9* 15.2* 0.38* 0.15* 
 August median 
 
15.7 9.1 7.2* 6.3* 16.5* 2.88* 0.93* 
Heather Min-max  9.1-17.2 9.0-11.2 6.4-6.8 2.8-4.1 8.4-11.6 0.30-0.38 0.02-1.44 
 July median 11.3* 10.5* 6.6* 2.9* 8.4* 0.33 1.00 
 August median 
 
15.9* 9.3* 6.8* 4.0* 11.6* 0.33 0.63 
Independence Min-max  15.6-17.3 7.8-8.5 7.1-7.4 16.6-18.5 36.4-41.0 0.20-0.32 0.24-0.70 
 July median 16.6 8.0* 7.2* 16.6* 37.1* 0.26 0.40 
 August median 
 
16.2 8.4* 7.4* 18.4* 40.9* 0.20 0.27 
Island Min-max  17.2-18.7 7.3-7.6 6.1-6.2 0.7-1.0 5.9-7.1 0.47-0.81 0.18-1.10 
 July median 17.3* 7.3* 6.1 0.9* 7.1* 0.49* 0.30* 
 August median 
 
18.7* 7.5* 6.1 0.8* 6.0* 0.76* 1.10* 
Myrtle Min-max  20.1-26.9 5.6-8.6 6.9-7.2 11.6-12.5 26.6-28.6 0.58-0.75 1.73-4.48 
 July median 26.7* 7.2* 7.1 11.9* 27.5* 0.67 3.75 
 August median 
 
20.3* 5.8* 6.9 12.4* 28.6* 0.61 2.84 
Twentytwo Min-max  13.2-21.7 8.6-10.6 7.0-7.1 4.6-5.0 13.5-14.1 0.27-0.38 0.36-1.15 
 July median 13.2* 10.2* 7.0* 4.8 13.8 0.35 0.71* 
 August median 21.5* 8.7* 7.1* 4.8 14.1 0.35 0.40* 
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Table 3, continued.   
 
  Total 
Phosphorous 
(µg-P/L) 
Soluble 
Reactive 
Phosphate 
(µg-P/L) 
Total 
Nitrogen 
(µg-N/L) 
Nitrate + 
Nitrite 
(µg-N/L) 
Silica 
(mg/L) 
Chloride 
(µg/L) 
Sulfate 
(µg/L) 
Bear Min-max  4.1-7.0 <2.7-<2.7 <30.0-146.2 <8.2-<8.2 1-1 504-526 614-720 
 July median 4.6 <2.7 <30.0* <8.2 1 509 688 
 August median 
 
5.4 <2.7 120.5* <8.2 1 509 652 
 
Boardman Min-max  2.2-5.3 <2.7-<2.7 <30.0-108.3 <8.2-<8.2 1-1 530-583 565-672 
 July median 2.2* <2.7 <30.0* <8.2 1 564 624 
 August median 
 
4.4* <2.7 101.9* <8.2 1 538 598 
 
Coal Min-max  <1.6-3.7 <2.7-<2.7 <30.0-36.6 <8.2-14.5 3-3 338-389 1194-1405 
 July median <1.6* <2.7 <30.0 13.6* 3 385 1333 
 August median 
 
3.5* <2.7 30.9 <8.2* 3 371 1234 
 
Evan Min-max  6.7-20.4 <2.7-<2.7 93.2-365.3 <8.2-<8.2 1-2 617-674 228-860 
 July median 6.9* <2.7 94.4* <8.2 2* 662* 857* 
 August median 
 
17.2* <2.7 315.0* <8.2 1* 620* 258* 
 
Goat Min-max  <1.6-7.8 <2.7-<2.7 <30.0-37.5 <8.2-<8.2 1-2 189-249 1158-1443 
 July median 1.8* <2.7 <30.0 <8.2 1 243* 1265 
 August median 
 
5.0* <2.7 <30.0 <8.2 2* 197* 1302 
 
Heather Min-max  1.7-7.1 <2.7-3.7 <30.0-116 18.5-76.7 1-1 235-374 731-1049 
 July median 3.1 <2.7 <30.0* 20.2 1 266* 829 
 August median 
 
4.9 <2.7 91.1* 38.4 1 373* 880 
 
Independence Min-max  2.2-3.5 <2.7-<2.7 <30.0-<30.0 <8.2-<8.2 3-3 393-421 928-1230 
 July median 2.4 <2.7 <30.0 <8.2 3 395 1033 
 August median 
 
3.1 <2.7 <30.0 <8.2 3 408 1090 
 
Island Min-max  2.7-6.5 <2.7-<2.7 <30.0-106 <8.2-<8.2 1-1 472-548 437-626 
 July median 3.0* <2.7 <30.0* <8.2 1 534 533 
 August median 
 
6.0* <2.7 102.1* <8.2 1 504 559 
 
Myrtle Min-max  11.4-16.3 <2.7-<2.7 164.5-240.3 <8.2-<8.2 1-1 359-430 213-363 
 July median 15.1 <2.7 174.5* <8.2 1 366 271 
 August median 
 
12.4 <2.7 238.0* <8.2 1 369 305 
 
Twentytwo Min-max  <1.6-3.9 <2.7-<2.7 <30.0-53.10 9.1-23.9 1-1 392-612 949-1126 
 July median <1.6* <2.7 <30.0* 22.0* 1 448 1103* 
 August median 3.1* <2.7 50.6* 14.0* 1 596 1017* 
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Table 4.  Summary of total and dissolved organic carbon from all ten lakes (overall 
minimum-maximum values and median values for July and August).  Measurements with 
significantly different median values between sampling months are indicated using an 
asterisk (Wilcoxon Rank Sum test; p<0.05). 
  Organic Carbon 
(mg/L) 
  Total Dissolved 
Bear Min-max  2.6-5.4 3.0-4.4 
 July median 2.9* 3.7 
 August median 
 
3.6* 3.3 
Boardman Min-max  2.3-5.0 2.3-3.5 
 July median 2.3* 2.3* 
 August median 
 
3.8* 3.3* 
Coal Min-max  0.5-1.0 0.6-1.3 
 July median 0.7 0.6 
 August median 
 
0.8 0.7 
Evan Min-max  4.6-8.2 4.5-6.4 
 July median 4.6* 4.7* 
 August median 
 
6.7* 6.3* 
Goat Min-max  0.4-0.9 0.4-0.6 
 July median 0.8 0.5 
 August median 
 
0.4 0.4 
Heather Min-max  0.3-0.7 0.6-1.6 
 July median 0.5 0.7 
 August median 
 
0.7 1.1 
Independence Min-max  0.6-3.0 0.7-1.0 
 July median 0.7 0.8 
 August median 
 
1.1 0.8 
Island Min-max  3.0-4.1 2.8-6.7 
 July median 3.3 2.9* 
 August median 
 
4.1 4.9* 
Myrtle Min-max  5.0-6.7 5.2-6.2 
 July median 5.3* 5.7 
 August median 
 
6.1* 5.8 
Twentytwo Min-max  0.1-1.8 0.6-0.8 
 July median 0.7 0.8 
 August median 0.8 0.6 
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Table 5.  Summary of metals data from all ten lakes (overall minimum-maximum values and 
median values for July and August).  Measurements with significantly different median 
values between sampling months are indicated using an asterisk (Wilcoxon Rank Sum test; 
p<0.05). 
 Aluminum 
(µg/L) 
Antimony 
(µg/L) 
Arsenic 
(µg/L) 
Barium 
(µg/L) 
  Total Dissolved Total Dissolved Total Dissolved Total Dissolved 
Bear Min-max  113.8-127.5 77.1-86.5 <0.2-<0.2 <0.2-<0.2 0.6-0.7 0.5-0.6 2.0-2.5 1.6-2.3 
  July median 121.9 85.6 <0.2 <0.2 0.6* 0.5* 2.3 1.6* 
 
 
August median 
 
117.7 
 
78.2 
 
<0.2 <0.2 0.7* 0.6* 2.3 2.0* 
Boardman Min-max  111.1-127.8 95.2-109.9 <0.2-<0.2 <0.2-<0.2 0.6-0.6 0.5-0.5 2.2-2.6 1.7-2.1 
 July median 122.3 96.0* <0.2 <0.2 0.6 0.5 2.2 1.9 
 August median 
 
127.6 
 
106.5* 
 
<0.2 <0.2 0.6 0.5 2.3 2.0 
Coal Min-max  5.4-9.5 8.8-10.05 <0.2-<0.2 <0.2-<0.2 <0.3-<0.3 <0.3-<0.3 2.2-2.7 2.0-2.2 
 July median 5.6 8.8* <0.2 <0.2 <0.3 <0.3 2.5 2.2 
 August median 
 
6.7 
 
10.4* 
 
<0.2 <0.2 <0.3 <0.3 2.4 2.1 
Evan Min-max  183.8-211.3 103.1-151.1 <0.2-<0.2 <0.2-<0.2 0.8-0.9 0.8-0.9 2.4-3.8 2.0-3.7 
 July median 185.6* 119.4 <0.2 <0.2 0.8 0.9 2.5* 2.2* 
 August median 
 
209.1* 
 
123.6 
 
<0.2 <0.2 0.8 0.8 3.4* 3.3* 
Goat Min-max  1.0-57.5 3.1-4.0 0.5-0.6 0.5-0.6 2.1-4.6 1.2-1.5 3.2-4.2 2.7-3.0 
 July median 2.3* 3.9 0.5* 0.5 2.3* 1.5* 3.2* 2.8 
 August median 
 
32.7* 
 
3.2 
 
0.6* 0.6 3.3* 1.3* 4.0* 2.9 
Heather Min-max  11.3-17.3 6.7-13.0 <0.2-<0.2 <0.2-<0.2 0.4-0.6 <0.3-0.5 1.5-3.6 1.1-1.7 
 July median 13.2 12.8* <0.2 <0.2 0.4* <0.3* 1.5* 1.2* 
 August median 
 
12.3 
 
8.9* 
 
<0.2 <0.2 0.6* 0.5* 2.5* 1.5* 
Independence Min-max  3.4-14.0 7.0-12.2 <0.2-<0.2 <0.2-<0.2 0.4-0.4 <0.3-<0.3 1.2-1.7 0.9-1.0 
 July median 11.0* 11.9* <0.2 <0.2 0.4 <0.3 1.4* 1.0 
 August median 
 
3.5* 
 
7.1* 
 
<0.2 <0.2 0.4 <0.3 1.2* 1.0 
Island Min-max  159.0-185.7 137.0-151.2 <0.2-<0.2 <0.2-<0.2 0.8-0.9 0.8-0.9 2.0-2.4 1.6-2.0 
 July median 160.9* 138.0* <0.2 <0.2 0.8* 0.8 2.1 1.7* 
 August median 
 
181.0* 
 
150.2* 
 
<0.2 <0.2 0.9* 0.8 2.1 1.8* 
Myrtle Min-max  39.0-51.2 37.8-46.4 <0.2-<0.2 <0.2-<0.2 2.0-2.4 2.2-2.6 4.3-5.0 3.5-4.5 
 July median 49.9* 45.7* <0.2 <0.2 2.0* 2.2* 4.5* 3.8 
 August median 
 
40.5* 
 
38.4* 
 
<0.2 <0.2 2.4* 2.5* 4.9* 4.3 
Twentytwo Min-max  5.8-18.1 6.2-16.2 <0.2-<0.2 <0.2-<0.2 0.4-0.5 <0.3-0.4 1.4-2.6 1.2-1.5 
 July median 7.6 7.8 <0.2 <0.2 0.4* <0.3 1.4* 1.3 
 August median 16.5 10.2 <0.2 <0.2 0.5* 0.4 1.8* 1.3 
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Table 5, continued.   
 
  Calcium 
(µg/L) 
Copper 
(µg/L) 
Iron 
(µg/L) 
  Total Dissolved Total Dissolved Total Dissolved 
Bear Min-max  509.6-622.9 462.9-602.3 27.1-27.7 0.4-0.7 128.5-143.4 <109.3-<109.3 
 July median 535.7* 484.1* 27.7 0.5 131.2 <109.3 
 August median 
 
592.2* 593.1* 27.3 0.6 142.2 <109.3 
Boardman Min-max  994.0-1062.0 945.0-1052.0 26.8-28.3 0.4-0.7 <109.3-117.3 <109.3-<109.3 
 July median 1013 974* 27.2 0.6 117.0 <109.3 
 August median 
 
1037 1023* 27.6 0.6 111.4 <109.3 
Coal Min-max  9426-9886 8971-10030 25.7-26.5 <0.3-0.5 <109.3-<109.3 <109.3-<109.3 
 July median 9450* 9172* 26.4 <0.3 <109.3 <109.3 
 August median 
 
9724* 9877* 25.9 0.5 <109.3 <109.3 
Evan Min-max  909.1-1136.0 819.4-992.8 27.2-28.0 0.5-2.5 173.7-188.8 <109.3-<109.3 
 July median 921.6* 848.8* 27.6 0.7 177.4 <109.3 
 August median 
 
1102* 964.8* 27.7 0.6 184.9 <109.3 
Goat Min-max  1831-1987 1686-1944 26.5-27.5 <0.3-0.5 141.2-256.6 <109.3-<109.3 
 July median 1853* 1703* 26.7 <0.3 143.6 <109.3 
 August median 
 
1984* 1902* 27.1 0.4 188.2* <109.3 
Heather Min-max  1004-1379 935.2-1315 26.5-27.4 <0.3-0.4 <109.3-126.5 <109.3-<109.3 
 July median 1039* 946.2* 26.9 <0.3 109.9* <109.3 
 August median 
 
1311* 1289* 27.0 <0.3 119.9* <109.3 
Independence Min-max  6099-9812 5539-6586 25.7-27.3 <0.3-0.7 <109.3-<109.3 <109.3-<109.3 
 July median 6103* 5614* 26.8* <0.3 <109.3 <109.3 
 August median 
 
6609* 6535* 25.8* <0.3 <109.3 <109.3 
Island Min-max  427.3-502.9 416.4-447.2 27.3-27.9 0.5-5.1 123.2-156.7 <109.3-<109.3 
 July median 467.7 433.0 27.8 0.7* 126.2 <109.3 
 August median 
 
427.9 419.5 27.4 0.6* 136.5 <109.3 
Myrtle Min-max  2371-2534 2158-2492 26.8-28.1 1.0-1.2 221.4-234.3 138.0-147.4 
 July median 2400* 2254* 27.6 1.0* 228.3 145.4 
 August median 
 
2476* 2408* 27.2 1.2* 234.3 141.4 
Twentytwo Min-max  1662-1702 1524-1628 27.0-27.8 <0.3-0.9 <109.3-112.5 <109.3-<109.3 
 July median 1674 1596 27.2* 0.6 <109.3 <109.3 
 August median 1684 1606 27.5* <0.3 111.0 <109.3 
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Table 5, continued.  
 
  Magnesium 
(µg/L) 
Manganese 
(µg/L) 
Nickel 
(µg/L) 
  Total Dissolved Total Dissolved Total Dissolved 
Bear Min-max  151.6-184.9 154.4-188.6 4.9-7.6 4.7-5.8 <0.2-0.3 0.3-0.3 
 July median 159.9* 155.8* 5.0 5.1 <0.2 0.3 
 August median 
 
182.0* 183.9* 6.2 5.0 <0.2 0.3 
Boardman Min-max  179.1-192.2 178.2-199.8 2.2-5.2 1.2-1.8 <0.2-0.4 <0.2-0.3 
 July median 181.5 182.1* 2.6 1.8* <0.2 0.3 
 August median 
 
185.5 196.2* 2.3 1.4* <0.2 <0.2 
Coal Min-max  542.9-586.0 523.6-599.3 1.3-1.9 0.5-0.9 <0.2-0.3 0.3-0.5 
 July median 543.8* 535.2* 1.6 0.6 0.3 0.3 
 August median 
 
584.7* 587.4* 1.7 0.5 <0.2 0.4 
Evan Min-max  331.8-390.4 316.1-361.6 8.1-11.1 7.0-8.7 <0.2-0.3 <0.2-0.4 
 July median 339.5* 327.0* 8.4* 7.1* <0.2 0.3 
 August median 
 
383.9* 358.3* 10.7* 8.2* 0.3 0.3 
Goat Min-max  505.5-586.4 483.2-566.8 6.6-31.1 4.1-9.4 <0.2-0.3 <0.2-<0.2 
 July median 512.2* 487.5* 6.8* 4.5* <0.2 <0.2 
 August median 
 
580.5* 566.2* 20.4* 5.9* <0.2 <0.2 
Heather Min-max  190.8-299.1 186.1-287.6 1.0-3.2 1.3-2.6 <0.2-<0.2 <0.2-7.8 
 July median 196.0* 187.7* 1.8* 1.4 <0.2 <0.2 
 August median 
 
274.2* 283.2* 2.7* 2.3 <0.2 <0.2 
Independence Min-max  430.6-523.6 407.3-505.8 3.1-5.3 2.2-3.5 <0.2-<0.2 <0.2-0.4 
 July median 447.3* 412.7* 3.3 2.2* <0.2 <0.2 
 August median 
 
497.1* 500.7* 3.4 3.0* <0.2 0.3 
Island Min-max  169.6-178.4 165.9-178.2 4.9-5.8 4.5-5.4 0.4-0.5 0.5-0.6 
 July median 171.9 168.5* 5.0* 4.6* 0.4 0.5 
 August median 
 
174.1 177.9* 5.7* 5.3* 0.5 0.5 
Myrtle Min-max  1755-1920 1594-1856 7.9-11.2 4.3-8.9 1.5-2.7 1.5-1.7 
 July median 1771* 1632* 9.1* 6.8* 1.6 1.5* 
 August median 
 
1839* 1796* 8.2* 4.6* 1.6 1.6* 
Twentytwo Min-max  347.4-356.9 321.8-351.8 1.9-3.5 1.5-2.7 <0.2-<0.2 <0.2-<0.2 
 July median 348.5 339.8 2.1* 1.5 <0.2 <0.2 
 August median 
 
356.2 347.3 3.4* 2.7 <0.2 <0.2 
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Table 5, continued.  
 
  Potassium 
(µg/L) 
Sodium 
(µg/L) 
Zinc 
(µg/L) 
  Total Dissolved Total Dissolved Total Dissolved 
Bear Min-max  63.5-86.0 72.3-89.1 361.9-406.2 350.0-392.1 3.1-5.8 3.7-6.5 
 July median 74.6 81.2 388.4 362.8* 3.3 4.5 
 August median 
 
81.7 86.5 400.6 390.5* 3.7 4.9 
Boardman Min-max  64.7-91.4 76.3-97.7 425-460.7 409.4-455.9 2.4-3.2 2.6-5.4 
 July median 70.6* 77.3* 435.8 412.2 2.5 3.9 
 August median 
 
78.4* 86.9* 436.4 440.7 2.9 3.4 
Coal Min-max  91.8-97.3 98.4-109.9 685-741.8 657.1-756.6 2.1-2.7 <1.8-2.9 
 July median 92.5* 100.3* 692.0* 669.5* 2.6 2.0 
 August median 
 
96.2* 107.5* 739.8* 735.0* 2.2 2.3 
Evan Min-max  83.1-195.4 96.6-157.6 582.2-633.7 331.8-596.5 2.8-4.7 4.2-7.6 
 July median 107.4 118.9 618.7* 591.8 3.1 5.0 
 August median 
 
132.9 104.3 596.3* 569.0 3.4 7.3 
Goat Min-max  182.0-216.5 182.5-217.9 282.6-295.9 261.7-308.3 2.1-3.2 2.1-3.6 
 July median 187.7* 190.5* 286.3 270.7* 2.2 2.9* 
 August median 
 
208.3* 213.6* 292.6 292.1* 3.1 2.1* 
Heather Min-max  85.4-114.9 90.2-121.0 296.9-402.1 296.7-378.1 1.9-10.8 2.0-6.2 
 July median 89.2* 93.2* 305.3* 270.2* 1.9* 2.1* 
 August median 
 
111.9* 116.5* 373.0* 375.2* 7.4* 3.8* 
Independence Min-max  74.0-86.8 76.4-100.2 633.9-723.8 594.1-711.6 2.0-3.7 2.1-3.0 
 July median 75.1* 80.5* 657.1* 595.9* 2.9 2.6 
 August median 
 
82.4* 89.1* 695.4* 691.8* 2.3 2.5 
Island Min-max  81.4-91.2 88.7-92.8 377.4-407.8 370.2-382.1 2.8-3.7 3.8-5.3 
 July median 82.9 91.1 399.1 370.4 3.5 3.9 
 August median 
 
83.6 91.8 379.3 376.9 3.3 4.9 
Myrtle Min-max  333.3-398.7 314.3-400.4 870.4-909.5 782.4-883.7 3.0-4.8 2.9-4.2 
 July median 340.5* 330.7* 879.3 805.4* 3.4 2.9 
 August median 
 
394.9* 392.5* 880.7 848.9* 3.1 3.7 
Twentytwo Min-max  132.2-147.5 136.4-154.9 392.0-423.1 358.4-407.2 <1.8-5.1 2.1-3.4 
 July median 134.5* 139.5* 399.5 374.8* <1.8* 2.5* 
 August median 
 
147.4* 150.6* 411.9 389.2* 4.0* 3.2* 
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Table 6.  Comparison of the median water quality values between the high and low dissolved 
organic carbon groups.  Statistically significant differences were determined using the 
Kruskal Wallis rank sum test and are indicated using astericks (*p<0.05, **p<0.01).   
 
 
DOC Group 
 
 
High Low 
Temperature, °C 19.6* 16.1* 
DO, mg/L 7.4* 9.6* 
pH 6.7* 7.2* 
Alkalinity, mg/L 2.2* 5.9* 
Conductivity, μg/L 9.2 15.2 
Turbidity, NTU 0.6 0.3 
Chlorophyll, μg/L 1.5 0.6 
TP, μg/L 4.8* 2.8* 
TN, μg/L 59.2* <30* 
Silica, mg/L 1.0 1.0 
Chloride, μg/L 509* 374* 
Sulfate, μg/L 620** 1087** 
DOC, mg/L 3.3** 0.7** 
Aluminum (dissolved), μg/L 101** 9.6** 
Arsenic (dissolved), μg/L 0.8 <0.2 
Barium (dissolved), μg/L 2.0 1.4 
Calcium (dissolved), μg/L 862* 1745* 
Copper (dissolved), μg/L 0.6** <0.3** 
Magnesium (dissolved), μg/L 188 456 
Manganese (dissolved), μg/L 5.1 2.4 
Potassium (dissolved), μg/L 91.8 106 
Sodium (dissolved), μg/L 423 383 
Zinc (dissolved), μg/L 4.6** 2.6** 
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Table 7.  Total number of algal taxa per lake, including desmids, diatoms and unique taxa 
that were collected at a single site. 
 
DOC 
Group 
Total 
Taxa 
Desmid 
Taxa 
Desmid 
% 
Diatom 
Taxa 
Diatom 
% 
Unique 
Taxa 
Unique 
% 
Bear High 112 48 43% 16 14% 40 36% 
Boardman High 84 34 40% 20 24% 23 27% 
Evan High 75 14 19% 28 37% 32 43% 
Island High 62 21 34% 20 32% 17 27% 
Myrtle High 104 47 45% 8 8% 55 53% 
         
Coal Low 56 3 5% 25 45% 21 38% 
Goat Low 56 10 18% 31 55% 20 36% 
Heather Low 71 28 39% 16 23% 21 30% 
Independence Low 29 1 3% 10 34% 9 31% 
Twentytwo Low 60 12 20% 20 33% 18 30% 
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Table 8.  Summary of the algal genera examined in the settled samples, grouped by phylum.   
Phylum Genus 
  
Cyanobacteria 
 
Anabaena, Aphanocapsa, Aphanothece, 
Chroococcus, Merismodpedia 
Desmid 
 
Cosmarium, Euastrum, Spondylosium, 
Staurastrum, Staurodesmus 
Diatom 
 
 
Achnanthes, Achnanthidium, Aulacoseira, 
Cyclotella, Encyonema, Fragilaria, 
Frustulia, Gomphonema, Navicula, 
Nitzschia, Psammothidium, Suriella, Synedra 
Green 
 
Ankistrodesmus, Bitrichia, Chlamydomonas 
Crucigenia, Desmodesmus, Elakatothrix, 
Nephrocytium, Oosystis, Planktosphaeria, 
Scenedesmus, Sphaerocystis 
Other 
(Golden, 
Cryptophyte, 
Dinoflagellate, 
Yellow-green) 
Bicosoeca, Characiopsis, Cryptomonas, 
Dinobryon, Gymnodinium, Peridinium, 
Peridiniopsis, Rhodomonas, Stichogloea 
 
 
 
 
  
Table 9.  Summary of the dominant algal taxa for cell counts and biovolumes for each lake.  Dominant taxa were distinguished as 50% 
or greater; co-dominance reported if percentages were less than 50%. 
 Cell Counts  Biovolumes 
 Dominant Phyla Dominant Genus  Dominant Phyla Dominant Genus 
Bear Cyanobacteria (90%) Merismopedia (80%)  Green (67%) Scenedesmus (39%) 
      
Boardman Cyanobacteria (95%) Merismopedia (89%)  
Other (40%) 
Cyanobacteria (32%) 
Peridinium (15%) 
Aphanothece (12%) 
      
Coal Other (81%) 
Peridiniopsis (31%) 
Cryptomonas (27%) 
 Other (98%) Peridiniopsis (80%) 
      
Evan Cyanobacteria (51%) Merismopedia (51%)  Green (52%) Elakatothrix (50%) 
      
Goat Other (100%) Dinobryon (97%)  Other (100%) Dinobryon (89%) 
      
Heather Other (92%) Peridinium (54%)  Other (97%) Peridinium (93%) 
      
Independence Green (69%) Elakatothrix (50%)  
Green (46%) 
Other (40%) 
Elakatothrix (34%) 
Rhodomonas (40%) 
      
Island 
Other (48%) 
Diatom (42%) 
Cryptomonas (48%) 
Achnanthes (42%) 
 Other (59%) Cryptomonas (59%) 
      
Myrtle Cyanobacteria (77%) Aphanocapsa (74%)  
Desmid (47%) 
Other (37%) 
Cosmarium (47%) 
Dinobryon (16%) 
      
Twentytwo 
Green (44%) 
Other (32%) 
Oocystis (24%) 
Stichogloea (29%) 
 Diatom (63%) 
Suriella (20%) 
Navicula (15%) 
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Table 10.  Summary of the total cell counts and biovolumes for each lake, separated by high 
and low dissolved organic carbon groups.  The overall precentage compared the total for one 
lake with the overall total for all lakes.   
 
DOC 
Group 
Count 
(cells/mL) 
Overall 
% 
Biovolume 
(µm3/mL) 
Overall  
% 
Bear High 15,300 20.06% 125,000 1.41% 
Boardman High 47,000 61.73% 457,000 5.16% 
Evan High 7,800 10.26% 1,050,000 11.83% 
Island High 240 0.32% 150,000 1.70% 
Myrtle High 4,000 5.30% 680,000 7.67% 
      
Coal Low 140 0.18% 583,000 6.58% 
Goat Low 1,200 1.54% 2,340,000 26.36% 
Heather Low 180 0.24% 3,420,000 38.60% 
Independence Low 40 0.06% 6,000 0.07% 
Twentytwo Low 240 0.32% 56,600 0.64% 
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Table 11.  Summary of statistically significant Kendall’s τ rank-based correlations between 
water quality parameters and dissolved metals, algae counts and biovolumes (BV).  The p-
values associated with each significant Kendall’s τ correlation statistic are indicated using 
asterisks (*<0.05, **<0.01, ***<0.001).   
 Temp DO pH Alk Cond Turb Chl TP TN 
DO -0.778*** 
 
   
  
 
 
pH - -    
  
 
 
Alk - - 0.854***   
  
 
 
Cond - - 0.796** 0.966***      
Turb - - - - -     
Chl - - - - - 0.494* 
 
 
 
TP 0.556* -0.600* -0.511* - - - 0.778***   
TN - -0.552* -0.598* - - - 0.736** 0.828** 
 
Silica - - - - - - - - - 
Cl - - - - - - - - - 
SO4 - 0.600* 0.600* 0.020* 0.568* -  
-0.556* -0.690** 
DOC 0.523* -0.659** - - - - 0.523* 0.750** 0.847*** 
Al - -0.511* -0.511* - - - - - - 
As 0.582* -0.535* - - - 0.659* 0.629* 0.675** 0.554* 
Ba - - - - - - - - - 
Ca - - 0.867*** 0.989*** 0.932*** - - - - 
Cu 0.646* -0.696** -0.547* - - - - 0.547* 0.720** 
Mg - - 0.600* 0.764** 0.841*** - - - - 
Mn 0.556* -0.511* - - - 0.539* 0.600* 0.644** - 
Na - - - - - - - - - 
K - - - - - - - - - 
Zn 0.539* -0.584* -0.719** -0.659** -0.598* 0.523* - 0.494* 0.582* 
Elevation - - - - - - -0.600* - -0.506* 
Lake Surface Area - - - - - - - - - 
Watershed Area - - - - - - - - -0.506* 
Watershed Slope -0.600* 0.644*** - - - - - -0.511* -0.506* 
% Evergreen - - - - - - - - - 
Cyanobacteria Count - - - - - - - - - 
Desmid Count 0.564* -0.613* -0.515* - - - 0.662* 0.809** 0.888*** 
Diatom Count - - - - - - - - - 
Green Count - - - - - - - - 0.888* 
Other Count - - - - - - - - - 
Cyanobacteria BV 0.544* - - - - - - - - 
Desmid BV 0.549* -0.549* - - - - 0.597* 0.645* 0.717** 
Diatom BV - - - - - - - - - 
Green BV - - - - - - - - 0.552* 
Other BV - - - - - - - - - 
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Table 11, continued. 
 
 Silica Cl SO4 DOC Al As Ba Ca Cu 
DO   
  
      
pH           
Alk   
  
      
Cond          
Turb  
  
      
Chl  
  
      
TP   
  
      
TN  
  
      
Silica          
Cl -         
SO4 - -  
      
DOC - - -0.705**       
Al - 0.644** - 0.568*      
As - - - 0.572* -     
Ba - - - - - 0.643*    
Ca - - 0.556* - - - -   
Cu - - -0.845** 0.712** 0.596* 0.547* - -  
Mg - - - - - - - 0.733* - 
Mn - - - - - 0.582* - - - 
Na - - - - - - - - - 
K - - - - - - - - - 
Zn - 0.539* -0.494* 0.552* 0.629* - - -0.674** 0.653* 
Elevation - - - - - - - - - 
Lake Surface Area - - - - - - - - - 
Watershed Area - - - -0.614* -0.600* - - - -0.596* 
Watershed Slope - - - -0.705** -0.689** - - - -0.547* 
% Evergreen 0.566* - - - - - - - - 
Cyanobacteria Count - - - - - - - - - 
Desmid Count - - -0.711** 0.903*** - 0.616* - - 0.712* 
Diatom Count - - - - - - - - - 
Green Count - 0.644** - 0.568* 0.556* - - - - 
Other Count - - - - - - - - - 
Cyanobacteria BV - - -0.599* - - - - - 0.578* 
Desmid BV - - -0.597* 0.684** - - - - 0.560* 
Diatom BV - - - - - - - - - 
Green BV - 0.556* - 0.568* - - - - - 
Other BV - - - - - - - - - 
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Table 11, continued. 
 
 Mg Mn Na K Zn Elevation 
Lake 
Surface 
Area 
Watershed 
Area 
Watershed 
Slope 
% 
Evergreen  
DO           
pH            
Alk            
Cond           
Turb            
Chl           
TP            
TN           
Silica           
Cl           
SO4           
DOC           
Al           
As           
Ba           
Ca           
Cu           
Mg           
Mn -          
Na - -         
K 0.556* - -        
Zn - - - -       
Elevation - - - - -      
Lake Surface Area - - -0.600* - - -     
Watershed Area - - - - - - 0.600*    
Watershed Slope - - - - -0.584* - - 0.556*   
% Evergreen - - 0.584* - - - -0.719** -0.494* -0.539*  
Cyanobacteria 
Count 
- - - - - - - - - - 
Desmid Count - - - - 0.545* - - - -0.613* - 
Diatom Count - - - - 0.584* - - - - - 
Green Count - - - - 0.629* - - - - - 
Other Count - - - - - - - - - - 
Cyanobacteria BV - - - - - - - - - - 
Desmid BV - - - - - - - - - - 
Diatom BV - - - - - - - - - - 
Green BV - - - - 0.584* - - - - - 
Other BV - - - - - - - - - - 
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Table 12.  Cell counts and biovolumes by algae phylum for the high and low dissolved 
organic carbon lakes, showing median and overall minimum-maximum values.  Statistically 
significant differences were determined using the Kruskal Wallis rank-sum test and are 
indicated using asterisks (*p<0.05, **p<0.01). 
 
Cell Count 
(cells/mL) 
 Biovolume 
(µm3/mL) 
 
High DOC 
Lakes 
Low DOC 
Lakes 
 High DOC 
Lakes 
Low DOC 
Lakes 
Cyanobacteria 
3,970 
(0-44,800) 
0* 
(0-0) 
 
41,600 
(0-145,000) 
0* 
(0-0) 
Desmid 
22 
(8-33) 
0** 
(0-1) 
 
54,900 
(14,000-318,000) 
0* 
(0-104,000) 
Diatom 
22 
(8-111) 
6 
(2-58) 
 
5,320 
(1,500-208,000) 
1,470 
(852-35,700) 
Green 
1300 
(16-3,650) 
9* 
(0-107) 
 
71,500 
(1,550-543,000) 
2,740* 
(0-9,470) 
Other 
115 
(22-939) 
112 
(11-1,170) 
 88,600 
(6,640-250,000) 
571,000 
(2,420-3,310,000) 
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APPENDIX A – Topographic Maps  
Topographic maps showing lake and sampling site locations for Bear Lake, Boardman Lake, 
Coal Lake, Lake Evan, Goat Lake, Heather Lake, Independence Lake, Island Lake, Myrtle 
Lake and Lake Twentytwo.   
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Figure A.1.  Topographic map of Bear Lake (Bear Group, high DOC) showing approximate 
locations of the three shoreline sampling sites (solid circles).  Map created by Stefan Freelan, 
Western Washington University; used with permission.  
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Figure A.2.  Topographic map of Boardman Lake (Evan Group, high DOC) showing 
approximate locations of the three shoreline sampling sites (solid circles).  Map created by 
Stefan Freelan, Western Washington University; used with permission.  
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Figure A.3.  Topographic map of Coal Lake (Coal Group, low DOC) showing approximate 
locations of the three shoreline sampling sites (solid circles).  Map created by Stefan Freelan, 
Western Washington University; used with permission.  
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Figure A.4.  Topographic map of Lake Evan (Evan Group, high DOC) showing approximate 
locations of the three shoreline sampling sites (solid circles).  Map created by Stefan Freelan, 
Western Washington University; used with permission. 
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Figure A.5.  Topographic map of Goat Lake (Myrtle Group, low DOC) showing approximate 
locations of the three shoreline sampling sites (solid circles).  Map created by Stefan Freelan, 
Western Washington University; used with permission.   
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Figure A.6.  Topographic map of Heather Lake (Bear Group, low DOC) showing 
approximate locations of the three shoreline sampling sites (solid circles).  Map created by 
Stefan Freelan, Western Washington University; used with permission.  
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Figure A.7.  Topographic map of Independence Lake (Coal Group, low DOC) showing 
approximate locations of the three shoreline sampling sites (solid circles).  Map created by 
Stefan Freelan, Western Washington University; used with permission.   
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Figure A.8.  Topographic map of Island Lake (Evan Group, high DOC) showing approximate 
locations of the three shoreline sampling sites (solid circles).  Map created by Stefan Freelan, 
Western Washington University; used with permission.   
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Figure A.9.  Topographic map of Myrtle Lake (Myrtle Group, high DOC) showing 
approximate locations of the three shoreline sampling sites (solid circles).  Map created by 
Stefan Freelan, Western Washington University; used with permission.   
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Figure A.10.  Topographic map of Lake Twentytwo (Bear Group, low DOC) showing 
approximate locations of the three shoreline sampling sites (solid circles).  Map created by 
Stefan Freelan, Western Washington University; used with permission.   
  
APPENDIX B – Species Lists 
Species lists of all algal taxa found during this study in Bear Lake (Be), Boardman Lake (Bo), Coal Lake (C), Lake Evan (E), Goat 
Lake (G), Heather Lake (H), Independence Lake (In), Island Lake (Is), Myrtle Lake (M) and Lake Twentytwo (T).  Algal taxonomy 
performed by Dr. Robin Matthews, Dr. Dean Blinn and Karl Bruun of Nostoca Algal Laboratory.  Unknown species are listed by 
unique species numbers.  Uncertain taxonomic identifications are indicated using a question mark; taxonomic authorities were current 
as of May 19, 2015 (algaebase.org; Guiry and Guiry 2015).  
Table B.1.  Cyanobacteria (Cyanophyta). 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Anabaena catenula (?) Kützing ex Bornet & Flahault Cyanobacteria 4 C, E, G, M   ✓  ✓ ✓ ✓    
Anabaena echinospora Skuja Cyanobacteria 3 Bo, G, M  ✓   ✓  ✓    
Aphanocapsa elachista type West & G.S.West Cyanobacteria 3 Be, Is, M ✓   ✓ ✓      
Aphanocapsa grevillei type (Berkeley) Rabenhorst Cyanobacteria 1 Be ✓          
Aphanothece clathrata West & G.S.West Cyanobacteria 2 Be, Bo ✓ ✓         
Aphanothece microscopica Nägeli Cyanobacteria 5 Be, Bo, C, H, T ✓ ✓    ✓  ✓  ✓ 
Aphanothece nidulans Richter Cyanobacteria 2 Bo, Is  ✓  ✓       
Aphanothece stagnina (Sprengel) Braun Cyanobacteria 1 M     ✓      
Calothrix (?) sp.1 Agardh ex Bornet & Flahault Cyanobacteria 1 C      ✓     
Chroococcus dispersus (?) (Keissler) Lemmermann Cyanobacteria 1 Be ✓          
Chroococcus turgidus (Kützing) Nägeli Cyanobacteria 3 Be, Bo, Is ✓ ✓  ✓       
Coelosphaerium sp.1 Nägeli Cyanobacteria 1 T          ✓ 
Cyanothece aeruginosa (Nägeli) Komárek Cyanobacteria 1 H        ✓   
               
  
Table B.1, continued.      
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
 
Cyanothece sp.2 Komárek Cyanobacteria 1 E   ✓        
Cyanothece sp.3 Komárek Cyanobacteria 2 Be, M ✓    ✓      
Cylindrospermum sp.1 Kützing ex Bornet & Flahault Cyanobacteria 1 M     ✓      
Dichothrix sp.1 Zanardini ex Bornet & Flahault Cyanobacteria 1 T          ✓ 
Dolichospermum 
planctonicum (?)  
(Brunnthaler) Wacklin, Hoffmann & 
Komárek 
Cyanobacteria 1 M     ✓      
Dolichospermum sp.2 (Ralfs ex Bornet & Flahault) Wacklin, 
Hoffmann & Komárek 
Cyanobacteria 2 C, E   ✓   ✓     
Eucapsis sp.1 Clements & Shantz Cyanobacteria 1 Be ✓          
Gloeocapsopsis (?) sp.1 Geitler ex Komárek Cyanobacteria 1 Be ✓          
Gloeothece (?) sp.1 Nägeli Cyanobacteria 1 Be ✓          
Hapalosiphon hibernicus West & G.S.West Cyanobacteria 1 E   ✓        
Hapalosiphon sp.2 Nägeli ex Bornet & Flahault Cyanobacteria 1 Be ✓          
Heteroleibleinia kuetzingii (?) (Schmidle) Compère Cyanobacteria 2 Bo, H  ✓      ✓   
Merismopedia glauca (Ehrenberg) Kützing Cyanobacteria 1 E   ✓        
Merismopedia punctata Meyen Cyanobacteria 5 Be, Bo, E, Is, T ✓ ✓ ✓ ✓      ✓ 
Merismopedia tenuissima Lemmermann Cyanobacteria 1 E   ✓        
Merismopedia sp.2 Meyen Cyanobacteria 2 Be, Is ✓   ✓       
Microcoleus sp.1 Desmazières ex Gomont Cyanobacteria 2 Be, Is ✓   ✓       
               
               
  
Table B.1, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Nostoc sp.1 Vaucher ex Bornet & Flahault Cyanobacteria 1 M     ✓      
Nostoc sp.2 Vaucher ex Bornet & Flahault Cyanobacteria 1 C      ✓     
Nostoc (?) sp.3 Vaucher ex Bornet & Flahault Cyanobacteria 1 C      ✓     
Nostoc (?) sp.4 Vaucher ex Bornet & Flahault Cyanobacteria 1 G       ✓    
Oscillatoria sp.1 Vaucher ex Gomont Cyanobacteria 3 Be, H, M ✓    ✓   ✓   
Phormidium sp.1 Kützing ex Gomont Cyanobacteria 1 C      ✓     
Phormidium sp.2 Kützing ex Gomont Cyanobacteria 1 H        ✓   
Phormidium sp.3  Kützing ex Gomont Cyanobacteria 1 C      ✓     
Phormidium sp.4  Kützing ex Gomont Cyanobacteria 1 Be ✓          
Phormidium sp.5 Kützing ex Gomont Cyanobacteria 2 Bo, H  ✓      ✓   
Pseudanabaena sp.1 Lauterborn Cyanobacteria 3 Be, E, H ✓  ✓     ✓   
Rhabdoderma sp.1 Schmidle & Lauterborn Cyanobacteria 1 Be ✓          
Scytonema sp.1 Agardh ex Bornet & Flahault Cyanobacteria 1 T          ✓ 
Snowella sp.1 Elenkin Cyanobacteria 1 Bo  ✓         
Spirulina major  Kützing ex Gomont Cyanobacteria 1 E   ✓        
 
  
  
Table B.2. Desmids (Charophyta). 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Actinotaenium globosum (Bulnheim) Förster ex Compère Desmid 1 M     ✓      
Bambusina borreri (Ralfs) Cleve Desmid 3 Be, Bo, E ✓ ✓ ✓        
Closterium acutum Brébisson Desmid 2 In, M     ✓    ✓  
Closterium braunii (?) Reinsch Desmid 1 M     ✓      
Closterium closterioides (Ralfs) Louis & Peeters Desmid 2 H, M     ✓   ✓   
Closterium closterioides var. 
interruptum 
Ehrenberg & Hemprich ex Ralfs. Desmid 3 Be, Bo, Is ✓ ✓  ✓       
Closterium directum Archer Desmid 1 Bo  ✓         
Closterium leibleinii Kützing ex Ralfs Desmid 1 E   ✓        
Closterium lunula Ehrenberg & Hemprich ex Ralfs Desmid 2 Be, Is ✓   ✓       
Closterium navicula (Brébisson) Lütkemüller Desmid 1 Bo  ✓         
Closterium pritchardianum Archer Desmid 1 Be ✓          
Closterium rectimarginatum 
var. A 
Scott & Prescott (species authority) Desmid 1 M     ✓      
Closterium sp.2 Nitzsch ex Ralfs Desmid 1 M     ✓      
Closterium sp.3 Nitzsch ex Ralfs Desmid 1 M     ✓      
Closterium striolatum Ehrenberg ex Ralfs Desmid 2 Be, E ✓  ✓        
Closterium venus Kützing ex Ralfs Desmid 1 M     ✓      
Closterium venus var. A Kützing ex Ralfs (species authority) Desmid 1 M     ✓      
Closterium venus var. B Kützing ex Ralfs (species authority) Desmid 1 M     ✓      
               
  
Table B.2, continued.      
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Cosmarium binum Nordstedt Desmid 1 M     ✓      
Cosmarium contractum Kirchner Desmid 4 Be, E, Is, M ✓  ✓ ✓ ✓      
Cosmarium contractum var. B Kirchner (species authority) Desmid 1 Is    ✓       
Cosmarium contractum var. 
subglobosum 
Förster Desmid 1 Be ✓          
Cosmarium depressum (?) (Nägeli) Lundell Desmid 1 T          ✓ 
Cosmarium excavatum Nordstedt Desmid 1 Bo  ✓         
Cosmarium humile Nordstedt ex De Toni Desmid 2 Be, M ✓    ✓      
Cosmarium moniliforme Ralfs Desmid 1 M     ✓      
Cosmarium portianum Archer Desmid 2 Bo, E  ✓ ✓        
Cosmarium pseudopyramidatum Lundell Desmid 1 Be ✓          
Cosmarium pyramidatum Brébisson ex Ralfs Desmid 1 Bo  ✓         
Cosmarium quadrifarium Lundell Desmid 3 Be, H, Is ✓   ✓    ✓   
Cosmarium regnellii Wille Desmid 3 Be, Bo, M ✓ ✓   ✓      
Cosmarium sp.2  Corda ex Ralfs Desmid 1 M     ✓      
Cosmarium sp.3  Corda ex Ralfs Desmid 2 Be, C ✓     ✓     
Cosmarium sp.4 Corda ex Ralfs Desmid 1 M     ✓      
Cosmarium sp.5  Corda ex Ralfs Desmid 1 H        ✓   
Cosmarium subcrenatum Hantzsch Desmid 1 T          ✓ 
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Cosmarium variolatum Lundell Desmid 1 Be ✓          
Cosmocladium saxonicum De Bary Desmid 3 Be, Bo, Is ✓ ✓  ✓       
Cylindrocystis brebissonii (?) (Ralfs) De Bary Desmid 1 Be ✓          
Desmidium grevillei (Kützing ex Ralfs) De Bary Desmid 1 M     ✓      
Euastrum ampullaceum Ralfs Desmid 4 Be, Bo, H, Is ✓ ✓  ✓    ✓   
Euastrum ansatum Ehrenberg ex Ralfs Desmid 2 Bo, H  ✓      ✓   
Euastrum bidentatum Nägeli Desmid 1 H        ✓   
Euastrum binale Ehrenberg ex Ralfs Desmid 3 G, H, M     ✓  ✓ ✓   
Euastrum crassum Ralfs Desmid 2 Be, T ✓         ✓ 
Euastrum denticulatum Gay Desmid 1 Be ✓          
Euastrum didelta Turpin ex Ralfs Desmid 1 Be ✓          
Euastrum elegans Ralfs Desmid 2 Bo, T  ✓        ✓ 
Euastrum gemmatum Ralfs Desmid 1 M     ✓      
Euastrum pinnatum Ralfs Desmid 2 Bo, H  ✓         
Euastrum validum West & G.S.West Desmid 1 Be ✓          
Euastrum verrucosum Ehrenberg ex Ralfs Desmid 1 H        ✓   
Gonatozygon aculeatum Hastings Desmid 2 H, M     ✓   ✓   
Gonatozygon monotaenium De Bary Desmid 2 G, H       ✓ ✓   
Gonatozygon pilosum Wolle Desmid 1 G       ✓    
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Haplotaenium rectum (Delponte) Bando Desmid 1 Be ✓          
Hyalotheca dissiliens Brébisson ex Ralfs Desmid 3 E, H, M   ✓  ✓   ✓   
Hyalotheca mucosa Ralfs Desmid 3 Bo, H, M  ✓   ✓   ✓   
Micrasterias americana Ehrenberg ex Ralfs Desmid 1 M     ✓      
Micrasterias apiculata Meneghini ex Ralfs Desmid 1 M     ✓      
Micrasterias depauperata Nordstedt  Desmid 1 Is    ✓       
Micrasterias depauperata var. 
wollei 
Cushman  Desmid 1 Is    ✓       
Micrasterias furcata Agardh ex Ralfs Desmid 1 M     ✓      
Micrasterias laticeps Nordstedt Desmid 1 M     ✓      
Micrasterias muricata Bailey ex Ralfs Desmid 1 Be ✓          
Micrasterias novae terrae var. 
speciosa 
(Wolle) Krieger & Bourrelly Desmid 2 Bo, H  ✓      ✓   
Micrasterias papillifera Brébisson ex Ralfs Desmid 2 Bo, H  ✓      ✓   
Micrasterias pinnatifida Ralfs Desmid 3 Be, E, M ✓  ✓  ✓      
Micrasterias rotata (?) Ralfs Desmid 1 M     ✓      
Micrasterias truncata Brébisson ex Ralfs Desmid 1 T          ✓ 
Netrium digitus (Brébisson ex Ralfs) Itzigsohn & 
Rothe 
Desmid 3 Be, Is, M ✓   ✓ ✓      
Netrium interruptum (Brébisson ex Ralfs) Lütkemüller Desmid 1 M     ✓      
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Netrium pseudactinotaenium Coesel Desmid 1 Be ✓          
Netrium sp.2 (Nägeli) Itzigsohn & Rothe Desmid 1 Is    ✓       
Penium margaritaceum (?) Brébisson Desmid 1 M     ✓      
Penium polymorphum (Perty) Perty Desmid 2 Bo, Is  ✓  ✓       
Pleurotaenium ehrenbergii (Ralfs) Delponte Desmid 3 Be, Bo, T ✓ ✓        ✓ 
Pleurotaenium nodosum (Bailey ex Ralfs) Lundell Desmid 1 Be ✓          
Pleurotaenium trabecula (?) Nägeli Desmid 1 Bo  ✓         
Spirotaenia condensata Brébisson Desmid 1 Bo  ✓         
Spondylosium planum (Wolle) West & G.S.West Desmid 2 Be, G ✓      ✓    
Staurastrum alternans Brébisson Desmid 1 M     ✓      
Staurastrum arctiscon (Ehrenberg ex Ralfs) Lundell Desmid 2 Be, Bo ✓ ✓         
Staurastrum armigerum Brébisson Desmid 1 H        ✓   
Staurastrum asterias (?) Nygaard Desmid 1 E   ✓        
Staurastrum brachiatum Reinsch Desmid 5 Be, C, E, H, Is ✓  ✓ ✓  ✓  ✓   
Staurastrum brasiliense Nordstedt Desmid 1 Bo  ✓         
Staurastrum brevispinum Brébisson Desmid 2 Bo, T  ✓        ✓ 
Staurastrum connatum (?) (Lundell) Roy & Bisset Desmid 3 Be, Bo, M ✓ ✓   ✓      
Staurastrum furcatum Brébisson Desmid 3 Be, Bo, He ✓ ✓      ✓   
Staurastrum gracile Ralfs ex Ralfs Desmid 1 M     ✓      
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Staurastrum hystrix Ralfs Desmid 2 Be, Is ✓   ✓       
Staurastrum longispinum (Bailey) Archer Desmid 1 Bo  ✓         
Staurastrum margaritaceum Meneghini ex Ralfs Desmid 1 G       ✓    
Staurastrum polytrichum (Perty) Rabenhorst Desmid 1 M     ✓      
Staurastrum setigerum Cleve Desmid 1 E   ✓        
Staurastrum sp.2  Meyen ex Ralfs Desmid 3 C, G, H      ✓ ✓ ✓   
Staurastrum sp.3 Meyen ex Ralfs Desmid 1 H        ✓   
Staurastrum sp.4  Meyen ex Ralfs Desmid 2 H, T        ✓  ✓ 
Staurastrum sp.5  Meyen ex Ralfs Desmid 1 Be ✓          
Staurastrum sp.6  Meyen ex Ralfs Desmid 3 Be, Is, M ✓   ✓ ✓      
Staurastrum sp.7  Meyen ex Ralfs Desmid 1 T          ✓ 
Staurastrum sp.8 Meyen ex Ralfs Desmid 1 Is    ✓       
Staurastrum sp.9  Meyen ex Ralfs Desmid 1 H        ✓   
Staurastrum sp.10  Meyen ex Ralfs Desmid 1 H        ✓   
Staurastrum sp.11  Meyen ex Ralfs Desmid 1 H        ✓   
Staurastrum sp.12  Meyen ex Ralfs Desmid 1 M     ✓      
Staurastrum sp.13  Meyen ex Ralfs Desmid 1 Be ✓          
Staurastrum sp.14  Meyen ex Ralfs Desmid 1 Be ✓          
Staurastrum sp.15  Meyen ex Ralfs Desmid 1 Bo  ✓         
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Staurastrum subarmigerum (?) Roy & Bisset Desmid 1 G       ✓    
Staurastrum teliferum (?) Ralfs Desmid 2 Be, M ✓          
Staurodesmus brevispina (Brébisson) Croasdale Desmid 2 M, T     ✓      
Staurodesmus bulnheimii (Raciborski) Round & Brook Desmid 2 Be, Is ✓   ✓       
Staurodesmus convergens (Ehrenberg ex Ralfs) Desmid 2 H, M     ✓   ✓   
Staurodesmus dejectus (Brébisson) Teiling Desmid 1 H        ✓   
Staurodesmus extensus (Andersson) Teiling Desmid 3 Be, E, M ✓  ✓  ✓      
Staurodesmus glaber (Ralfs) Teiling Desmid 1 H        ✓   
Staurodesmus incus var. ralfsii (West) Teiling Desmid 1 Bo  ✓         
Staurodesmus megacanthus (?) (Lundell) Thunmark Desmid 1 T          ✓ 
Staurodesmus sp.2  Teiling Desmid 1 M     ✓      
Staurodesmus triangularis (Lagerheim) Teiling Desmid 5 Be, Bo, G, H, T ✓ ✓     ✓ ✓  ✓ 
Teilingia wallichii var. anglica  (West & G.S.West) Förster Desmid 5 Be, Bo, G, Is, M ✓ ✓  ✓ ✓  ✓    
Tetmemorus brebissonii Ralfs Desmid 1 M     ✓      
Tetmemorus granulatus Brébisson ex Ralfs Desmid 1 Be ✓          
Tortitaenia alpina (Schmidle) Brook Desmid 3 E, H, M   ✓  ✓   ✓   
Triploceras gracile Bailey Desmid 1 Be ✓          
Xanthidium antilopaeum Kützing Desmid 4 Be, E, H, M ✓  ✓  ✓  ✓    
               
               
  
Table B.2, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Xanthidium antilopaeum var. A Kützing (species authority) Desmid 2 Be, Bo ✓ ✓         
Xanthidium antilopaeum var. B Kützing (species authority) Desmid 1 Bo  ✓         
Xanthidium antilopaeum var. 
polymazum 
Nordstedt Desmid 2 E, T   ✓       ✓ 
Xanthidium armatum Brébisson ex Ralfs Desmid 2 Be, Is ✓   ✓       
Xanthidium armatum var. 
cervicorne 
West & G.S.West Desmid 1 Bo  ✓         
Xanthidium cristatum Brébisson ex Ralfs Desmid 2 Bo, M  ✓   ✓      
Xanthidium octocorne Ehrenberg ex Ralfs Desmid 2 Be, Is ✓   ✓       
Xanthidium subhastiferum (?) West Desmid 1 Is    ✓       
 
  
  
Table B.3. Diatoms (Bacillariophyta). 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Achnanthes exigua  Grunow Diatom 1 G       ✓    
Achnanthes lanceolata (Brébisson ex Kützing) Grunow Diatom 2 Bo, H  ✓      ✓   
Achnanthes pusilla  Grunow Diatom 1 G       ✓    
Achnanthes sp. De Saint-Vincent Diatom 5 Be, C, H, M, T ✓    ✓ ✓  ✓  ✓ 
Achnanthes ventralis  (Krasske) Lange-Bertalot Diatom 1 G       ✓    
Achnanthidium lanceolatum 
var. minutissima  
(Kützing) Tömösvary Diatom 1 Bo  ✓         
Achnanthidium minutissimum  (Kützing) Czarnecki Diatom 6 C, E, G, H, In, T   ✓   ✓ ✓ ✓ ✓ ✓ 
Achnanthidium pusillum  (Grunow) Czarnecki Diatom 1 C      ✓     
Anomoeoneis brachysira  (Brébisson ex Rabenhorst) Cleve Diatom 1 Bo  ✓         
Aulacodiscus sp. Ehrenberg Diatom 1 Is    ✓       
Aulacoseira alpigena  (Grunow) Krammer Diatom 4 Be, H, Is, T ✓   ✓    ✓  ✓ 
Aulacoseira crenulata  (Ehrenberg) Thwaites Diatom 1 E   ✓        
Aulacoseira distans  (Ehrenberg) Simonsen Diatom 6 Be, Bo, H, In, Is, 
T 
✓ ✓  ✓    ✓ ✓ ✓ 
Aulacoseira distans var. 
nivalis  
(Smith) Haworth Diatom 1 Is    ✓       
Caloneis alpestris  (Grunow) Cleve Diatom 1 Is    ✓       
Cyclotella meneghiniana Kützing Diatom 4 C, G, Is, T    ✓  ✓ ✓   ✓ 
               
               
  
Table B.3, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Cymbella aspera  (Ehrenberg) Cleve Diatom 2 Be, In ✓        ✓  
Cymbella cymbiformis var. 
nonpunctata  
Fontell Diatom 1 G       ✓    
Cymbella delicatula  Kützing Diatom 1 E   ✓        
Cymbella hebridica  (Grunow) Cleve Diatom 1 Is    ✓       
Cymbella mesiana  Cholnoky Diatom 1 G       ✓    
Cymbella microcephala  Grunow Diatom 1 E   ✓        
Cymbella minuta  Hilse Diatom 1 C      ✓     
Cymbella silesiaca Bleisch Diatom 4 Bo, C, E, G  ✓ ✓   ✓ ✓    
Cymbella sp. Agardh Diatom 1 M     ✓      
Denticula elegans  Kützing Diatom 1 C      ✓     
Diploneis ovalis  (Hilse) Cleve Diatom 1 C      ✓     
Encyonema sp. Kützing Diatom 4 Be, C, H,  T ✓     ✓  ✓  ✓ 
Epithemia turgida  (Ehrenberg) Kützing Diatom 1 C      ✓     
Eunotia arcus  Ehrenberg Diatom 1 Bo  ✓         
Eunotia bilunaris  (Ehrenberg) Schaarschmidt Diatom 5 Bo, E, H, Is, T  ✓ ✓ ✓    ✓  ✓ 
Eunotia bilunaris var. 
mucophila  
Lange-Bertalot, Nörpel & Alles Diatom 2 G, Is    ✓   ✓    
Eunotia exigua  (Brébisson ex Kützing) Rabenhorst Diatom 1 E   ✓        
               
               
  
Table B.3, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Eunotia microcephala  Krasske Diatom 1 E   ✓        
Eunotia minor  (Kützing) Grunow Diatom 6 Be, Bo, C, G, H, T ✓ ✓    ✓  ✓  ✓ 
Eunotia paludosa  Grunow Diatom 3 Bo, E, Is  ✓ ✓ ✓       
Eunotia pectinalis  (Kützing) Rabenhorst Diatom 1 E   ✓        
Eunotia silvahercynia  Nörpel, Van Sull & Lange-Bertalot Diatom 1 E   ✓        
Eunotia soleirolii (Kützing) Rabenhorst Diatom 3 Bo, C, G  ✓    ✓ ✓    
Fragilaria brevistriata  Grunow Diatom 1 G       ✓    
Fragilaria capucina  Desmazières Diatom 2 G, T       ✓   ✓ 
Fragilaria capucina var. 
gracilis 
(Oestrup) Hustedt  Diatom 1 G       ✓    
Fragilaria capucina var. 
rumpens  
(Kützing) Lange- Bertalot ex 
Bukhtiyarova 
Diatom 1 G       ✓    
Fragilaria construens var. 
venter  
(Ehrenberg) Grunow Diatom 2 C, E    ✓   ✓     
Fragilaria crotonensis  Kitton Diatom 3 C, G, In      ✓ ✓  ✓  
Fragilaria fenestrata Lyngbye Diatom 1 T          ✓ 
Fragilaria flocculosa Lyngbye Diatom 1 Be ✓          
Fragilaria hungarica  Pantocsek Diatom 1 Is    ✓       
Fragilaria tenera  (Smith) Lange-Bertalot Diatom 2 C, G      ✓ ✓    
               
               
  
Table B.3, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Frustulia Krammeri  Lange-Bertalot & Metzeltin Diatom 6 Be, Bo, E, H, Is, T ✓ ✓ ✓ ✓    ✓  ✓ 
Frustulia rhomboides var. 
crassinervia  
(Brébisson ex Smith) Ross Diatom 1 In         ✓  
Frustulia sp.  Rabenhorst Diatom 1 M     ✓      
Frustulia vulgaris  (Thwaites) De Toni Diatom 2 E, G   ✓    ✓    
Gomphonema angustum  Agardh Diatom 1 In         ✓  
Gomphonema gracile  Ehrenberg Diatom 2 Bo, G  ✓     ✓    
Gomphonema olivaceum var. 
minutissima  
Hustedt Diatom 2 H, T        ✓  ✓ 
Gomphonema olivaceum var. 
staurophorum  
Pantocesek Diatom 1 G       ✓    
Gomphonema sp.  Ehrenberg Diatom 1 M     ✓      
Gomphonema truncatum  Ehrenberg Diatom 1 C      ✓     
Hannaea arcus  (Ehrenberg) R.M.Patrick Diatom 1 G       ✓    
Melosira distans  (Ehrenberg) Kützing Diatom 1 E   ✓        
Navicula cryptocephala  Kützing Diatom 1 Bo  ✓         
Navicula sp. De Saint-Vincent Diatom 7 Be, C, E, H, In, 
M, T 
✓  ✓  ✓ ✓  ✓ ✓ ✓ 
Navicula submuralis  Hustedt Diatom 1 G       ✓    
Navicula viridula  (Kützing) Ehrenberg Diatom 1 G       ✓    
               
               
  
Table B.3, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Navicula viridula var. 
rostellata  
(Kützing) Cleve Diatom 1 G       ✓    
Neidium ampliatum  (Ehrenberg) Krammer Diatom 1 E   ✓        
Neidium bisulcatum  (Lagerstedt) Cleve Diatom 1 Bo  ✓         
Neidium dubium  (Ehrenberg) Cleve Diatom 1 Is    ✓       
Neidium iridis  (Ehrenberg) Cleve Diatom 1 E   ✓        
Neidium sp. Pfitzer Diatom 1 Be ✓          
Nitzschia acicularis (Kützing) Smith Diatom 2 E, M   ✓  ✓      
Nitzschia alpina  Hustedt Diatom 1 C      ✓     
Nitzschia inconspicua  Grun Diatom 2 C, E   ✓   ✓     
Nitzschia paleaceae  Hustedt Diatom 1 C      ✓     
Nitzschia sigmoidea  (Nitzsch) Smith Diatom 2 Be, E ✓  ✓        
Nitzschia sp. Hassall Diatom 4 G, Is, M, T    ✓ ✓  ✓   ✓ 
Pinnularia divergens  Smith Diatom 1 In         ✓  
Pinnularia divergentissima  (Grunow) Cleve Diatom 1 Bo  ✓         
Pinnularia gibba  Ehrenberg Diatom 3 Be, E, H ✓  ✓     ✓   
Pinnularia interrupta  Smith Diatom 2 Bo, Is ✓   ✓       
Pinnularia maior  (Kützing) Cleve Diatom 1 E   ✓        
Pinnularia microstauron  (Ehrenberg) Cleve Diatom 1 E   ✓        
               
  
Table B.3, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Pinnularia nodosa  (Ehrenberg) Smith Diatom 1 Bo  ✓         
Pinnularia stomatophora  (Grunow) Cleve Diatom 1 Be ✓          
Pinnularia subcapitata  Gregory Diatom 3 H, Is, T    ✓    ✓  ✓ 
Pinnularia viridis  (Nitzsch) Ehrenberg Diatom 5 Bo, C, E, G, Is  ✓ ✓ ✓  ✓ ✓    
Psammothidium bioretii  (Germain) Bukhtiyarova & Round Diatom 1 Is    ✓       
Psammothidium chlidanos  (Hohn & Hellerman) Lange-Bertalot Diatom 2 H, T        ✓  ✓ 
Psammothidium grischunum 
var. daonensis  
(Lange-Bertalot) Bukhtiyarova & 
Round 
Diatom 3 Bo, G, Is  ✓  ✓   ✓    
Psammothidium helveticum  (Hustedt) Bukhtiyarova & Round Diatom 1 G       ✓    
Psammothidium 
subatomoides  
(Hustedt) Bukhtiyarova & Round Diatom 2 C, G      ✓ ✓    
Rhopalodia gibba  (Ehrenberg) Otto Müller Diatom 2 In, T         ✓ ✓ 
Stauroneis anceps  Ehrenberg Diatom 2 H, T        ✓  ✓ 
Stauroneis phoenicenteron  (Nitzsch) Ehrenberg Diatom 1 C      ✓     
Stenopterobia curvula  (Smith) Krammer Diatom 1 E   ✓        
Surirella sp.1 Turpin Diatom 1 T          ✓ 
Synedra sp. Ehrenberg Diatom 3 Be, C, G ✓     ✓ ✓    
Tabellaria fenestrata  (Lyngbye) Kützing Diatom 3 E, G, M   ✓  ✓  ✓    
Tabellaria flocculosa  (Roth) Kützing Diatom 9 Be, Bo, C, E, G, 
H, In, Is, T 
✓ ✓ ✓ ✓  ✓ ✓ ✓ ✓ ✓ 
Tabellaria ventricosa  Kützing Diatom 1 Bo  ✓         
  
  
Table B.4.  Green algae (Chlorophyta and non-desmid Charophyta). 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Ankistrodesmus fusiformis Corda Green 1 H        ✓   
Ankistrodesmus sp.3 Corda Green 1 H        ✓   
Ankistrodesmus spiralis (Turner) Lemmermann Green 2 G, M     ✓  ✓    
Aphanochaete vermiculoides Wolle Green 1 M     ✓      
Asterococcus superbus (Cienkowski) Scherffel Green 2 M, T     ✓     ✓ 
Botryococcus braunii Kützing Green 1 Is    ✓       
Botryococcus sp.2 Kützing Green 2 Be, Bo ✓ ✓         
Botryosphaerella sudetica (Lemmermann) Silva Green 3 Be, Is, T ✓   ✓      ✓ 
Bulbochaete sp.1 Agardh Green 3 Be, Bo, Is ✓ ✓  ✓       
Chaetosphaeridium sp. (?)  Klebahn Green 2 C, G      ✓ ✓    
Chlamydomonas sp. Ehrenberg Green 6 Bo, E, In, Is, M, T  ✓ ✓ ✓ ✓    ✓ ✓ 
Chloromonas sp.1 Gobi Green 1 In         ✓  
Coelastrum astroideum De Notaris Green 2 C, M     ✓ ✓     
Crucigenia tetrapedia (Kirchner) Kuntze Green 2 Be, M ✓    ✓      
Crucigeniella rectangularis (Nägeli) Komárek Green 5 Bo, C, E, Is, T  ✓ ✓ ✓  ✓    ✓ 
Desmodesmus aculeolatus  (Reinsch) Tsarenko Green 1 T          ✓ 
Desmodesmus brasiliensis (?) (Bohlin) Hegewald Green 2 Bo, T  ✓        ✓ 
Desmodesmus serratus  (Corda) An, Friedl & Hegewald Green 1 E   ✓        
Dictyosphaerium pulchellum Wood Green 1 M     ✓      
               
  
Table B.4, continued.                
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Elakatothrix gelatinosa Wille Green 1 M     ✓      
Elakatothrix sp.2 Wille Green 5 Be, Bo, E, In, T ✓ ✓ ✓      ✓ ✓ 
Eremosphaera viridis De Bary Green 1 H        ✓   
Eudorina elegans Ehrenberg Green 1 M     ✓      
Geminella mutabilis (?) (Brébisson) Wille Green 1 M     ✓      
Gloeocystis gigas (?) (Kützing) Lagerheim Green 1 C      ✓     
Gloeocystis sp.2 Nägeli Green 2 Bo, G  ✓     ✓    
Gloeocystis sp.3 Nägeli Green 1 C      ✓     
Kirchneriella obesa (?) (West) West & G.S.West Green 1 Is    ✓       
Klebsormidium sp.1 Silva, Mattox & Blackwell Green 1 T          ✓ 
Microspora sp.1 Thuret Green 3 Bo, Is, T  ✓  ✓      ✓ 
Monoraphidium contortum (Thuret) Komárková-Legnerová Green 1 C      ✓     
Mougeotia sp. Agardh Green 1 Be ✓          
Mougeotia sp.1 Agardh Green 5 Bo, C, G, H, M  ✓   ✓ ✓ ✓ ✓   
Mougeotia sp.2 Agardh Green 6 Bo, E, G, H, Is, T  ✓ ✓ ✓   ✓ ✓  ✓ 
Nephrocytium agardhianum Nägeli Green 1 C      ✓     
Nephrocytium limneticum (?) (Smith) Smith Green 1 C      ✓     
Nitella sp.1 Agardh Green 1 G       ✓    
Oedogonium sp.1 Link ex Hirn Green 1 G       ✓    
               
  
Table B.4, continued.                
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Oedogonium sp.2 Link ex Hirn Green 1 H        ✓   
Oocystis sp. Nägeli ex Braun Green 8 Be, Bo, C, E, H, 
In, M, T 
✓ ✓ ✓  ✓ ✓  ✓ ✓ ✓ 
Oonephris (?) sp.1 Fott Green 1 E   ✓        
Paulschulzia pseudovolvox (Schultz) Skuja Green 1 M     ✓      
Paulschulzia (?) sp.2 Skuja Green 1 Be ✓          
Pediastrum kawraiskyi (?) Schmidle Green 1 H        ✓   
Pediastrum sp.2  Meyen Green 3 C, In, M     ✓ ✓   ✓  
Pediastrum tetras (Ehrenberg) Ralfs Green 2 E, M   ✓  ✓      
Planktosphaeria gelatinosa Smith Green 5 C, E, In, M, T   ✓  ✓ ✓   ✓ ✓ 
Quadrigula sp.1 Printz Green 1 E   ✓        
Scenedesmus arcuatus Lemmermann Green 1 M     ✓      
Scenedesmus ellipticus var. A Corda (species authority) Green 1 Be ✓          
Scenedesmus ellipticus var. B Corda (species authority) Green 1 M     ✓      
Scenedesmus serratus (Corda) Bohlin Green 1 T          ✓ 
Scenedesmus sp.2 Meyen Green 1 Be ✓          
Scenedesmus sp.3 Meyen Green 1 Bo  ✓         
Schizochlamys sp.1 Braun ex Kützing Green 1 Be ✓          
Sorastrum brevispina Kützing Green 1 M     ✓      
               
  
Table B.4, continued.                
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Sorastrum sp.2 Kützing Green 1 Is    ✓       
Sphaerocystis schroeteri Chodat Green 1 M     ✓      
Sphaerocystis sp. (?)  Chodat Green 1 In         ✓  
Spirogyra sp.2 Link Green 1 C      ✓     
Spirogyra sp.3 Link Green 1 M     ✓      
Spirogyra zygnema Link Green 1 H        ✓   
Tetraedron limneticum Borge Green 1 Be ✓          
Tetraselmis sp.1 Stein Green 1 E   ✓        
Zoochlorella sp.1 Brandt Green 1 E   ✓        
Zygnema sp.1 Agardh Green 2 H, M     ✓   ✓   
  
  
Table B.5. Other algae categories, including, Cryptophyte (Cryptophyta), Dinoflagellate (Dinophyta), Euglenoid (Euglenophyta), 
Golden/Yellow-green (Chrysophyta/Ochrophyta/Xanthrophyta), Raphidophyte (Raphidophyta) and Red (Rhodophyta). 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Cryptomonas erosa Ehrenberg Cryptophyte 7 Be, C, E, H, Is, M, 
T 
✓  ✓ ✓ ✓ ✓  ✓  ✓ 
Cryptomonas ovata Ehrenberg Cryptophyte 2 Bo, C  ✓    ✓     
Rhodomonas minuta Skuja Cryptophyte 6 Bo, C, E, In, Is, M  ✓ ✓ ✓ ✓ ✓   ✓  
Glenodinium sp.1 (?) Ehrenberg Dinoflagellate 1 Be ✓          
Gloeodinium montanum Klebs Dinoflagellate 1 T          ✓ 
Gymnodinium aeruginosum Stein Dinoflagellate 1 M     ✓      
Gymnodinium fuscum (Ehrenberg) Stein Dinoflagellate 3 Bo, H, Is  ✓  ✓    ✓   
Gymnodinium sp. Stein Dinoflagellate 3 Be, G, M ✓    ✓  ✓    
Gymnodinium sp.2 Stein Dinoflagellate 2 C, In      ✓   ✓  
Parvodinium umbonatum (Stein) Carty Dinoflagellate 4 Be, Bo, E, Is ✓ ✓ ✓      ✓  
Peridiniopsis sp.1 Lemmermann Dinoflagellate 1 C      ✓     
Peridinium cinctum (Müller) Ehrenberg Dinoflagellate 6 Be, C, E, G, H, Is ✓  ✓ ✓  ✓ ✓ ✓   
Peridinium inconspicuum Lemmermann Dinoflagellate 4 Bo, H, M, T  ✓   ✓   ✓  ✓ 
Peridinium lomnickii (?) Woloszynska Dinoflagellate 1 Be ✓          
Peridinium volzii  Lemmermann Dinoflagellate 2 H, G       ✓ ✓   
Peridinium willei Huitfeldt-Kaas Dinoflagellate 1 T          ✓ 
Tetradinium sp.1 Klebs Dinoflagellate 2 Be, M ✓    ✓      
               
  
Table B.5, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Colacium sp.1 Ehrenberg Euglenoid 1 In         ✓  
Cryptoglena sp.1 Ehrenberg Euglenoid 1 E   ✓        
Euglena mutabilis Schmitz Euglenoid 2 Be, E ✓  ✓        
Euglena proxima (?) Dangeard Euglenoid 1 M     ✓      
Euglena sanguinea Ehrenberg Euglenoid 1 M     ✓      
Euglena sp. Ehrenberg Euglenoid 1 In         ✓  
Euglena spirogyra Ehrenberg Euglenoid 1 M     ✓      
Lepocinclis sp.1 Perty Euglenoid 1 M     ✓      
Phacus elegans Pochmann Euglenoid 1 M     ✓      
Phacus pyrum (Ehrenberg) Archer Euglenoid 1 E   ✓        
Trachelomonas sp.2 Ehrenberg Euglenoid 1 M     ✓      
Trachelomonas sp.3  Ehrenberg Euglenoid 1 M     ✓      
Trachelomonas superba Svirenko Euglenoid 1 In         ✓  
Bicosoeca sp.1 Clark Golden/Yellow-green 2 Be, M ✓    ✓      
Bitrichia chodatii (Reverdin) Chodat Golden/Yellow-green 1 T          ✓ 
Bitrichia longispina (Lund) Bourrelly Golden/Yellow-green 4 Be, Bo, E, Is ✓ ✓ ✓ ✓       
Characiopsis curvata (Smith) Skuja Golden/Yellow-green 2 Be, Bo ✓ ✓         
Chlorobotrys regularis (West) Bohlin Golden/Yellow-green 1 Be ✓          
Chromulina sp.1 Cienkowsky Golden/Yellow-green 1 E   ✓        
               
  
               
Table B.5, continued.              
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Chrysopyxis sp.1 Stein Golden/Yellow-green 2 Be, T ✓         ✓ 
Chrysosphaera paludosa (Korshikov) Bourrelly Golden/Yellow-green 1 M     ✓      
Derepyxis sp.1 Stokes Golden/Yellow-green 1 Be ✓          
Dinobryon cylindricum Imhof Golden/Yellow-green 7 Bo, C, G, H, In, 
M, T 
 ✓   ✓ ✓ ✓ ✓ ✓ ✓ 
Epipyxis sp.1 Ehrenberg Golden/Yellow-green 1 E   ✓        
Goniochloris mutica (?) (Braun) Fott Golden/Yellow-green 1 M     ✓      
Mallomonas sp.1 Perty Golden/Yellow-green 1 Be ✓          
Ophiocytium sp.1 Nägeli Golden/Yellow-green 4 Be, G, In, M ✓    ✓  ✓  ✓  
Stichogloea sp.1 Chodat Golden/Yellow-green 3 Bo, In, T ✓        ✓ ✓ 
Stipitochrysis sp.1 (?) Korshikov Golden/Yellow-green 1 Be ✓          
Stipitococcus sp.1 West & G.S.West Golden/Yellow-green 1 Is    ✓       
Stylochrysalis sp.1 Stein Golden/Yellow-green 1 H        ✓   
Synura petersenii Korshikov Golden/Yellow-green 1 H        ✓   
Synura sp.2 Ehrenberg Golden/Yellow-green 1 T          ✓ 
Synura uvella (?) Ehrenberg Golden/Yellow-green 1 In         ✓  
Tessellaria cf. Playfair Golden/Yellow-green 1 H        ✓   
Tribonema affine (?) (Kützing) G.S.West Golden/Yellow-green 1 Bo  ✓         
               
  
Table B.5, continued. 
     High DOC Lakes Low DOC Lakes 
Taxa Taxonomic Authority Type #Lakes Lakes Be Bo E Is M C G H In T 
Uroglena americana Calkins Golden/Yellow-green 1 T          ✓ 
Gonyostomum sp.1 Diesing Raphidophyte 1 E   ✓        
Vacuolaria sp.1 Cienkowski Raphidophyte 1 E   ✓        
Batrachospermum sp.1 Roth Red 2 H, In        ✓ ✓  
               
 
 
 
